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PREFACE 


Approximately twenty years ago Miinsterberg presented the first sys- 
tematic formulation of the problems and scope of an industrial psy- 
chology. At that time he could present little in the way of direct evidence 
to support the thesis that efficiency and adjustment in industry could be 
improved through the application of psychological principles and tech- 
niques. Today there is available a wealth of experimental data, obtained 
in industrial investigations, to illustrate the concrete achievements of 
the science in increasing the effectiveness and happiness of man in in- 
dustry. 

In a sense, industry has been turned into a vast laboratory in which 
has been investigated every aspect of human behavior involved in ad- 
justment to the industrial situation. The methods and apparatus of 
traditional laboratory psychology have been employed in these studies. 
To these have been added new techniques, new equipment, new view- 
points, which have not only enriched our knowledge of human behavior 
in industry, but have thrown light on general principles of interest to the 
psychologist regardless of the field of investigation in which he may be 
engaged. It may truly be said that the scope of industrial psychology 
is as extensive as that of psychology itself, the chief difference being the 
specific situation with which the latter is concerned. 

By reason of this overlapping, the reader will find discussed in this 
volume many of the fundamental problems of general and applied psy- 
chology. These problems are invariably treated in relation to the in- 
dustrial situation, and, in general, only such experimental results pre- 
sented which have a direct bearing on this situation. However, these 
findings apply and have a tremendous significance in all fields of ap- 
plied psychology. 

The guiding principle in the selection of material for this volume has 
been the desire to present a comprehensive picture of modern industrial 
psychology. The objective has been that of showing the genesis, the 
problems, the settings, the findings, and the accomplishments of this 
newer application of psychology. European literature has been carefully 
surveyed for a description of the very important work which is being 
done in Germany, France, England, Italy, etc., and which has been some- 
what neglected in other treatments of this topic. The /author has drawn 
upon his own experience as a consulting psycholopst in industry, and 
upon his personal observations in visiting American and European 
centers of industrial psychology, as a guide in the interpretation of re- 
sults and tendencies. 

In order that the available space in this volume might be completely 
devoted to psychological methods, findings, etc., which are of specific 
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value in the industrial situation, the detailed discussion of statistical 
techniques, which frequently takes up many pages in volumes on ap- 
plied psychology, has been carefully avoided. Such techniques have been 
adequately discussed in standard texts on statistics, to which the in- 
terested reader can refer without great difficulty. The orientation with 
respect to the relation of man to machine, with respect to the considera- 
tion of the individual in the conflict between individual welfare and 
economic efficiency, appears in the Introduction (Chapter I) and 
throughout the text, and need not be further discussed here. 

Inasmuch as a large portion of this text is devoted to reports of 
studies by other investigators, the author is naturally indebted to many 
who have indirectly contributed towards its preparation. He is directly 
indebted to the publishers named on page 629, to the editors of many 
journals, as well as to individual investigators for permission to re- 
publish certain tables, figures, and other data. Acknowledgment must 
be particularly made to the Controller of H. M. S. Stationery Office for 
permission to reproduce considerable material from publications by the 
Industrial Fatigue {Health) Research Board, and to the editors of 
Psychotechnische Zeitschrift, Industrielle Psychotechnik, and the Per- 
sonnel Journal, from which much material has been drawn. 

The author is indebted to Prof. E. S. Robinson, of Yale University, 
and to Dr. Walter V. Bingham, of the Personnel Research Federation, 
for reading portions of the manuscript, and to Kinsley R. Smith, of the 
Department of Psychology, University of Pennsylvania, who has helped 
in reading proof and in the preparation of the index. 

Considerable material for this volume has been drawn from the 
author’s experience as Director of Personnel Research, Philadelphia 
Electric Company. The author desires to express his acknowledgment 
to the Management of that organization, and, in particular, to A. M. 
Boyd, Manager, Personnel, Claims and Safety Department, who has 
made individual adjustment the dominant objective in the scientific 
study of personnel problems. The author’s associations with E. S. Hig- 
gins, Vice President, Parmelee System, Inc., have furnished opportuni- 
ties for many experimental studies reported in this volume, and have 
been a constant source of inspiration in this work. 

Beyond all, is the stimulating influence of two outstanding teachers 
at the University of Pennsylvania— Lightner Witmer and Edwin 
Burkett Twitmyer — to whom this volume is gratefully dedicated. 


Morris S. Viteles 
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SECTION ONE 


THE FOUNDATIONS OF INDUSTRIAL PSYCHOLOGY 




L INTRODUCTION TO A STUDY 
OF INDUSTRIAL PSYCHOLOGY 


MAN AND MACHINE 

The beliefs and concerns of an age are invariably reflected in its 
paintings. Saints and sinners, heaven and hell, with here and there a 
pagan god, fill the canvasses of the Renaissance painters. Formal gar- 
dens, scenes of courtly grace, the sweeping lines of hooped skirts, the 
furtive embrace, flow from the brushes of gifted artists in the retinues 
of the French Louis. Modern paintings, and the black and white of the 
lithographer and etcher show not only incomprehensible splashes of 
color and confusions of forms, but the majestic, overwhelming power of 
the tremendous dynamo, the intricacies of revolving gears, the cathe- 
dral halls of steel mills streaked by the play of flames and heated metal. 

Not only the industrialist, but the writer, the painter, and Ae musical 
composer sing the paeon of the Machine and bow in humility to the 
omnipotence of the new appliance — the new Machine that easily 
achieves things impossible to our fathers, that does much of our work 
and saves us the tedious labors of the past. It is as if the stoiy of 
Aladdin’s lamp had suddenly come true, and the Spirit of the Lamp 
were at our cdl, prepared to do our bidding.' It has been easy to wax 
ecstatic about the Machine and its wonderful possibilities; to vie and 
even outdo the Victorians in vivid and sentimental panegyrics on the 
progress of mankind upward and onward forever.® 

So dominant has been the regard for the machine that until very re- 
cently the insignificant man placed in an obscure corner of industrial 
portraits by such etchers as Pennell has been assigned a very minor 
r 61 e in the evaluation of factors responsible for the developrnent of 
modern industry and for the success of our industrial civilization. 

Within the past two decades the scientific study of this industrial 
civilization, and more particularly of the problems of industry, has re- 
vealed the true importance of the human factor in industrial organiza- 
tion. Human reactions — of man to man, of man to njachine and ma- 
terial — occupy a prominent place in the complex pattern of industrid 
enterprise. Underlying every industrial process, as mechanized as it 
may be, and often closely associated with it, are human ingenuity and 
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control. As marvelously intricate as they may be, machines must be 
designed, operated, and cared for by men. They must be built with 
due respect for the physical and mental characteristics of the man who 
is to operate them. In determining their methods of operation, their 
speeds, their very construction, the limitations of human rates of 
speed, of qualities of co-ordination, of human judgment, of the ca- 
pacity to learn must be taken into consideration. Moreover, the success 
of our industrial civilization, as well as of individual plants, depends 
not only upon the worker’s skill in the operation of the machine, but 
also upon such strictly human attributes as his attitude toward them 
and upon the satisfaction which he obtains in their operation. The ac- 
complishments of the industrial organization are further circumscribed 
by the human element — ^by the judgment of the industrial executive, 
by his ability to understand and direct the human forces in his plant 
and to integrate the clash of motivation between management and 
workers. 

In its every aspect, the stability of business enterprise depends no 
less upon the soundness of its psychological foundation than upon the 
solidity of its economic and technical supports. Without underesti- 
mating the role of the machine and of other factors, industry must be 
viewed as an immense arena for the play and interplay of human be- 
havior. The failure to study the character of this phenomenon, to 
analyze the conditions which influence the effectiveness of human be- 
havior in industry can only result in serious waste in the form of in- 
dividual maladjustment and of industrial inefficiency. 

THE OBJECTIVES OF INDUSTRIAL PSYCHOLOGY 

The study of human behavior, with the view of guarding against 
such waste, is the province of industrial psychology. This volume is 
devoted to a discussion of the methods employed, the principles 
evolved, and the results accomplished by industrial psychology in pro- 
moting the better adjustment of man in industry and increased in- 
dustrial efficiency. 

In considering the scope of this volume on industrial psychology it is 
important to note the statement on the objective of industrial psychol- 
ogy included in the preceding sentence. In formulating a program of 
industrial psychology the maximum efficiency of the individual in in- 
dustry and his optimum adjustment are looked upon as complementary 
facets of a single objective. The industrial psychologist is primarily 
concerned with the individual at work in the belief &at, in the flnal 
analysis, the maximum efficiency of that individual in the industrial 
situation can only be achieved by insuring his most satisfactory ad- 
justment in that situation. Moreover, it is necessary to stress the wel- 
fare of the individual not only because of the direct effect of malad- 
justment upon his industrial efficiency, but also by reason of indirect 
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adverse effects in the form of maladjustment in other social relation- 
ships which may follow from inefficiency or dissatisfaction in work. 

SCOPE OF THIS VOLUME 

The first section of this volume is devoted to a discussion of the 
foundations of industrial psychology. The scope and present status of 
the science, the rapidity of its development, can only be fully under- 
stood by considering economic, social, and psychological factors which 
have contributed to this development. The discussion of these factors 
is followed by two chapters on individual differences. A brief sur- 
vey of the nature and origin of such differences is essential to an 
adequate comprehension of the specialized procedures provided by 
psychology for promoting individual welfare and efficiency in industry. 

The second section of the text is devoted to the study of occupa- 
tional qualifications and to the development and application of tech- 
niques for their measurement as an aid in the scientific selection and 
placement of industrial personnel. This section includes not only a dis- 
cussion of the procedures which have been employed by the industrial 
psychologist and an analysis of underlying principles, but also a brief 
survey of results which have been obtained in industry through their 
application at various occupational levels. 

Chapters on the place of psychology in promoting the safety of in- 
dustrial personnel qjen Section III, which is devoted to problems 
arising in maintaining fitness at work. These are followed by a detailed 
consideration of psychological problems in training workers. A compe- 
tent applicant for employment may become a very unsatisfactory and 
dissatisfied worker because he has not been properly trained. The 
recognition of this is leading industry to substitute for the older method 
of training, in which the instruction of the worker was left largely to 
the caprice of the foreman or to some other minor supervisory official, 
a more scientific procedure in which instruction is centralized in the 
hands of a corps especially fitted for this task. The general phases of 
this movement are not treated in detail in this volume. However, it 
does include a comprehensive survey of the contributions which psy- 
chology has made to the solution of the practical problem of properly 
training workers in industry. In this connection both laboratory and 
industrial investigations on habit formation, on the influence of the 
whole and part methods of work, on the influence of incentives, etc., 
are discussed in considerable detail. / 

Other chapters are devoted to a consideration of such important 
factors in human adjustment in industry as monotony, fatigue, the 
feelings and motivation of workers. These chapters are concerned 
with investigations of the best methods of applying human energy and 
ability to reduce monotony and fatigue, to increase interest, etc. Mal- 
adjustment as a general problem and the comparative merits of the 
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psychological and psychiatric approach in its prevention and dimina- 
tion are treated in one chapter of Section III. Findings on me psy- 
chology of management are included in a chapter which brmgs the 
volume to a close. 

A text on psychology in industry may be expected to include a dis- 
cussion of the application of psychology in selling ^d advertising. In 
this respect this volume on industrial psychology is incomplete, "nie 
problems in selling and advertising are so distinctive, the psychological 
techniques so specialized and so largely concerned with group reac- 
tions, that it has seemed well to omit them from this book, which will 
concern itself only with the application of psychology in promot- 
ing industrial efficiency through improved individual adjustment. 

POINTS OF VIEW 

A resume of the objectives and content of this text in industrial psy- 
chology would not be complete without a brief reference to one or two 
of the points of view by which the author has been guided in writing it. 
In the first place, the reader of this introductory chapter will readily 
recognize that the orientation of this volume will not be merely statisti- 
cal, in the interpretation of mass data, but clinical, in its emphasis on 
the individual with whom the psychologist must be primarily and ulti- 
mately concerned. 

The bias of this text is distinctly experimental. The growth of inter- 
est in psychology, particularly as applied in industry, has been accom- 
panied by the formulation of broad generalizations, phrased in psycho- 
logical jargon, which have, in fact, little validity in the explanation of 
human behavior in industry. In the treatment of data in this volume, 
generalizations will be limited to only those which can legitimately be 
drawn on the basis of observed facts. On the other hand, findings will 
not be presented as isolated facts, but in relation to their wider indus- 
trial, social, and philosophical implications. 

In the preparation of this volume a very careful survey has been 
made of investigations in the field of industrial psychology in both the 
United States and Europe. Those selected for detailed discussion in 
this book are not necessarily the only investigations of their kind. 
They have been selected not only on “the basis of merit, but by reason 
of representativeness, or priority, etc., and because of other factors 
which do not reflect adversely upon those omitted or receiving only 
brief mention. Many of the latter are well worth careful study not 
only by the professional student of applied psychology, but by the 
casual reader. 

In the preparation of this volume material has also been selected 
and presented with a view of its usefulness; 

(a) To advanced undergraduate and graduate students of applied 
psychology, to whom it will have a special appeal by reason of the 
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multiplicity of facts made available in it and of the many illustrations 
of the every day application of psychological principles formulated in 
the laboratory. 

(b) To teachers, not only of psychology, but of sociology, eco- 
nomics, industrial management, and of allied subjects involving a con- 
sideration of the individual at work. 

(c) To executives in industry who are interested in a clear but not 
superficial, a comprehensive but not complex, and an analytical but 
not abstruse survey of the psychological basis of human behavior in 
industry. 



IL THE ECONOMIC FOUNDATIONS 
OF INDUSTRIAL PSYCHOLOGY 


In the development of industrial psychology three distinct forces 
have played a part, economic, social, and psychological. The interplay 
of these forces has not only accounted for the growth of the sci- 
ence in the last twenty years, but differences in their balance have pro- 
duced a variety of viewpoints with respect to the functions and respon- 
sibilities of industrial psychology. So, for example, in Germany, left in 
a state of severe privation by the war, economic objectives have 
been most powerful in determining the procedures and viewpoints of in- 
dustrial psychology. In England, the active interest of a socially awak- 
ened laboring class has undoubtedly influenced the character and aims 
of investigations in this held. Similarly, in the United States, the de- 
velopment of the science has been tremendously colored by the long 
strides taken in the formulation of a psychology of the individual — in 
itself, perhaps, a reflection of the individualistic bias of the economic, 
and to a lesser extent of the social structure of the nation. The pur- 
pose of this and the two succeeding chapters is to sketch in broad lines 
the play of each of these forces in the development of psychology in 
industry. 


ECONOMIC BASIS OP INDUSTRIAL PSYCHOLOGY 

The advancement of efficiency in industry is one of the chief objec- 
tives of industrial psychology. In every enterprise where goods are 
produced, increased production at lower cost has been the chief con- 
sideration in guiding the destinies of the enterprise. The rapid growth 
of merchandizing units in recent years is an outgrowth of the almost 
universal adoption of this guiding principle by industry, and the very 
existence of highly developed and highly complicated merchandizing 
organizations has further stimulated the urge toward increased pro- 
duction at lower costs. As a matter of fact, industry has largely ac- 
cepted psychology as an aid because of what it can contribute toward 
the cheaper production and merchandizing of goods. Too often its 
accomplishments in the direction of improved individual adjustment 
have been regarded as very desirable and valuable, but, on the whole, 
not altogether necessary by-products in the attainment of the chief 
objective of increasing efficiency. In this viewpoint the industrial ex- 
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ecutive has been supported by a group of psychologists to wh(»n an 
increase of efficiency and a Crease of production and distribution 
costs represent the sole motives for the study of human behavior in 
industry. 

In later chapters will be dted specific instances of investigations in 
which the economic motive has been most in evidence in the promotion 
of industrial psychology. The present chapter will be limited to a gen- 
eral analysis of the economic influence in its development. This influ- 
ence has its origin in the changing viewpoint with respect to the rela- 
tive importance of Man and Machine in the industrial situation. 

Ilie acceptance of psychology by industry represents a tacit admis- 
sion that the machine, heralded as the sole need of an industrial era, is 
insufficient in itself to meet the demands of an industrial civilization. 
It is a recognition that, perfect as they may be, machines can only be 
used to advantage by properly selected, adequately trained men, con- 
versant with meffiods for most effectively employing the energy at their 
disposal and willing to do so. 

In order to promote greater and cheaper production, to cater to our 
increasing wants, ingenuity and inventiveness in perfecting machines 
must be supplemented by a more complete utilization of human energy, 
human ability, and human motives. “We have been very much occu- 
pied,” wrote Dupin, as early as 1829, “in perfecting the, machines and 
the tools which the worker uses in the economic arts. We have hardly 
attempted to improve the worker himself. However, if he were only 
considered as an instrument, a tool, a motor, he would necessarily be 
placed in the first rank of all instruments, all mechanical agents, since 
he has the immeasurable advantage of being an instrument who ob- 
serves and corrects himself, a self-stopping motor which functions with 
the motivation of its own intelligence and which perfects itself by 
thinking not less than by work itself.” ^ 

THE INFLUENCE OF TAYLOR UPON THE DEVELOPMENT OF INDUSTSUL 
PSYCHOLOGY 


The Principles of Scientific Management 

In spite of the early recognition of this problem by Dupin and 
others, it remained for an American engineer, Frederick W. Taylor, to 
take the first definite step in the rationalization of human methods of 
work. Taylor, starting toward the end of the 19th century, first gave to 
this factor in production the same careful attention 'which, from the 
beginning of the Industrial Revolution, had been devoted to the per- 
fection of the machine.^ He became the pioneer of the movement whi^ 
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has spread throi^hout the entire world under the names of Taylorism 
and of Scientific Management? 

In the development of his system Taylor starts with two assump- 
tions. The first is that “what the workmen want from their employers 
beyond anything else is high wages, and what employers want from 
their workmen is a low labor cost of manufacture.” ^ 

The second is that “no system or scheme of management should be 
considered which does not in the long run give satisfaction to both em- 
ployer and employee; which does not make it apparent that their best 
interests are mutual and which does not bring about such thorough 
and hearty co-operation that they can pull together instead of apart.” 

His major contribution to industrial efficiency grows out of the ap- 
plication in industry of four fundamental practices: 

1. The development of a science for each element of a man’s work 
to replace the old rule of thumb methods. 

2. The selection of the best worker for each particular task followed 
by a program for training the workman to replace the practice of al- 
lowing the worker to select his own task and train himself as best he 
can. 

3. The development of a spirit of hearty co-operation between the 
management and the men in carrying on their activities in accordance 
with the principles of the developed science. 

4. The division of the work in almost equal shares between the man- 
agement and the workers, each department taking over the work for 
which it is better fitted as a substitute for the condition in which al- 
most all the work and the greater part of the responsibility were thrown 
on the men? 

To these principles must be added the provision, implied in all of 
Taylor’s work, that their application must result in higher wages for 
the worker, as an incentive to his co-operation in the plan, as well 
as in increased production at lower costs. 

APPLICATION TO HANDLING PIG-IBON 

The first practical application of Taylor’s principles was made in 
his classic experiment in selecting and training men to handle pig-iron. 
The work was carried on in the plant of the Bethlehem Steel Com- 
pany. At the time of the experiment there were in operation five blast 
furnaces, the product of which had been handled by a pig-iron gang 
for many years. This gang, at the time Taylor started his work, con- 
sisted of about 75 men. “They were good, average pig-iron handlers, 

*For a survey of viewpoints, scope, and accomplishments of scientific management 
see ScUmUAc UtuwBment fa American Industry, New York, 1929, pp. 479 (issued by the 
Taylor 

* F. W. Taylor, Shop Management, New York, 1911, p. 21. 

■ G. D. Babcock, The Taylor System in Franklin Managements AktUcation and Results, 
New York, 1917. p. 17. 
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were under an excellent foreman who himself had been a pig-iron 
handler, and the work was done, on the whole, about as fast and as 
cheaply as it was anywhere else at that time.” ' The work of handling 
pig-iron was done by men with no other implements than their hands. 
The pig-iron handler stooped down, picked up a pig weighing about 92 
pounds, walked for a few feet or yards, and then dropped it on to the 
ground, or upon a pile. Taylor believed this work to be so crude and 
elementary in its nature that it would be possible to train an intelligent 
gorilla to become a more efficient pig-iron handler than any man can 
be. And yet he felt that the science of handling pig-iron, in spite of the 
crude character of the work, is so great, that tMs type of work coiild be 
used to illustrate the accomplishment to be derived from properly 
training competent workers in the best methods of work. 

When Taylor started to apply his principles he found that the gang of 
laborers employed in loading pig-iron onto a railroad car were averaging 
approximately IZj long tons per man per day. After carefully observ- 
ing the methods of work and studying the number of voluntary pauses, 
etc., he reached the conclusion that a first class pig-iron handler ought 
to handle between 47 and 48 tons per day instead of 12^ tons. Taylor 
questioned many good managers and asked them whether, under 
premium work, piece work, or any of the ordinary plans of manage- 
ment, they would be likely ever to approximate 47 tons per day. Not 
a man suggested that an output of over 18 to 25 tons could be obtained 
by any of the ordinary expedients. 

Taylor then set about to choose a worker on whom he could first try 
out his new methods. He finally selected a Pennsylvania Dutchman 
whose reputation, habits, and ambition made him seem a likely sub- 
ject. This man was asked whether he would prefer earning $1.85 per 
day to the $1.15 which constituted his pay check at the time. He was 
told he could do so by loading in one day a pile of pig-iron (consisting 
of 47^ tons) which was pointed out to him. He was further cautioned 
that in order to load this pile of pig-iron and to earn his increased pay, 
he must carefully follow the instructions of the man assigned to train 
him in the proper method of doing this work. He started to work, and 
all day long, and at regular intervals, was told by the man who stood 
over him with a watch; “Now pick up a pig and walk. Now sit down 
and rest. Now walk — now rest,” etc. He worked when he was told to 
work, and rested when he was told to rest, and at half past five in the 
afternoon had his 47^ tons loaded on the car. He practically never 
failed to work at this pace and to do the task that was set him during 
the three years of observation by Taylor. And throughout this time he 
averaged a little more than $1.85 per day, whereas before he had never 
received over $1.15 per day, which was the ruling rate of wages at that 
time in Bethlehem. 

One man after another was picked out and trained to handle pig- 

• F. W. Taylor, The Principles of Scientific Management, New York, 1911, p. 42. 



12 


INDUSTRIAL PSYCHOLOGY 


iron at the rate of 47^ tons per day untO all of the pig-iron was handled 
at this rate, and all of the men still working in the gang received 60% 
more wages than that paid to other men around them who were not 
employed on ta^ work. However, of the gang of “seventy-five pig- 
iron handlers, only about one man in eight was found physically capa- 
ble of handling 47^ tons per day. With the very best of intentions the 
other seven out of eight men were physically unable to work at this 
pace.” ^ 

The selection of the specially competent represents, according to 
Taylor, one of the fundamental responsibilities of scientific manage- 
ment. Incidentally, it is pointed out by Taylor that the removal of men 
from jobs for which they are unfit is a kindness to such men, represent- 
ing a first step toward finding them work for which they are better 
fitted and at which, after training, they can permanently and legiti- 
mately earn higher wages. The selection of competent men must be 
followed by training each man, under a proficient teacher, into new 
working habits until he continually and habitually works in accordance 
with scientific laws developed from a careful survey of the Job by a 
trained observer. Superimposed upon such selection and training is a 
system of financial incentives and of superior plant organization and 
control designed to make permanent and constant the ecomomic ad- 
vantages gained from the application of these two fundamentals of 
scientific management. 

In another experiment at the Bethlehem Steel Company, Taylor was 
able, by a proper selection of shovelers, by carefully instructing each 
worker in the proper method of handling the tool, by providing 
shovels suitable for the different kinds of material which the worker 
was called upon to handle, and by providing higher wages for increased 
production, to effect a marked improvement in efficiency on the part of 
such workers. The results obtained in the third year of work under the 
new plan of task work devised by Taylor, in contrast to those obtained 
under the old plan, are shown in Table 1. 

TABLE 1 

Improvements in Efficiency under Scientific Management 
(Bethlehem Steel Company) 

The number of yard laborers was reduced from be- 
tween 400 & 600 to about 140 

Average number of tons per man per day increased 
from 16 to 59 

Average earnings per man per day increased from $1.15 to $1.88 
Average cost of handling a ton of 2240 lbs. decreased 
from $0,072 to $0,033 

(From F. W. Taylor) 

»/6«.,p,47. 
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‘‘During this year the total saving of the new plan over the old 
amounted to $36,417.69, and during the six months following, when all 
of the work of the yard was on task work, the saving was at the rate 
of between $75,000 and $80,000 per year.” • 

IMPROVING THE OUTPUT OF BALL BEARING INSPECTORS 

The work of Thompson in improving the quantity and quality of the 
output of ball bearing inspectors is cited by Taylor as another example 
of the possibilities of scientific management in making more effective 
use of the energy employed by the worker in his daily tasks. In this 
instance, after the introduction of changes in the form of standard 
working conditions, of rest pauses, of improvements in methods of 
work (determined in part through the use of the stop watch in time 
studies), and through proper selection, it was found that 35 girls were 
able to do the work formerly done by 120 and that the accuracy of the 
work at the higher speed was greater than at the former slow speed. It 
is interesting to note the advantages which accrued to the workers from 
the introduction of these changed methods. 

“1. They averaged from 80 to 100 per cent higher wages than they 
formerly received. 

2. Their hours of labor were shortened from 10^ to 8^ per day, with 
a Saturday half holiday. And they were given four recreation periods 
properly distributed through the day, which made overworking impos- 
sible for a healthy girl. 

3. Each girl was made to feel that she was the object of special care 
and interest on the part of the management, and that if anything went 
wrong with her she could always have a helper and teacher in the man- 
agement to lean upon.” ‘ 

IMPROVING BRICKLAYING METHODS 

In bricklaying is found another classic example of the application of 
principles first formulated by Taylor. Brickla 3 dng is one of the oldest 
of our trades. For hundreds of years there had been little or no improve- 
ment in the implements and materials used in this trade or in the 
method of laying bricks until Frank B. Gilbreth (a disciple of Tay- 
lor), who had himself studied bricklaying in his youth, became inter- 
ested in the principles of scientific management and decided to apply 
them to the art of bricklaying.^^ He made a detailed^ analysis of eadi 
movement of the bricklayer, and one after another eliminated all un- 
necessary movements and substituted fast for slow motions. He ex- 

•lbid.,p. 71. 

® Ibid.t pp. 9S-96. 

pp. 77-79-81. 

F. B. Gilbreth, Bricklaying System, New 1909. 
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perimented with every minute element which in any way affects the 
speed and the tiring of the bricklayer. 

He developed the exact position which each foot of the bricklayer 
should occupy with relation to the wall, the mortar box, and the pile of 
bricks, and so made it unnecessary for him to take a step or two toward 
the pile of bricks and back again each time a brick is laid. He studied 
the best height for the mortar box and brick pile, and then designed a 
scaffold, with a table on it, upon which all of the materials are placed, 
so as to keep the bricks, the mortar, the man, and the wall in their 
proper positions. These scaffolds are adjusted for all of the bricklayers, 
as the wall grows in height, by a laborer especially detailed for this 
purpose. By this means the bricklayer is saved the exertion of stoop- 
ing down to the level of his feet for each brick and each trowelful 
of the mortar and then straightening up again. This simple device has 
eliminated an immense waste of effort that has gone on through all 
these years, with each bricklayer lowering his body, weighing, say, ISO 
pounds, down to 2 feet and raising it up again every time a brick 
(weighing about 5 pounds) is laid in the wall! And this each bricklayer 
did about one thousand times a day. 

As a result of further study, after the bricks are unloaded from the 
cars they are carefully sorted by a laborer and placed with their best 
edge up on a simple wooden frame, constructed so as to enable the 
bricklayer to take hold of each brick in the quickest time and in the 
most advantageous position. In this way he avoids either having to turn 
the brick over, or end for end to examine it before laying it, and he 
saves, also, the time taken in deciding which is the best edge and end 
to place on the outside of the wall. In most cases, moreover, he saves 
the time taken in disentangling the brick from a disorderly pile on the 
scaffold. This “pack” of bricks (as Gilbreth calls his loaded wooden 
frames) is placed by the helper in its proper position on the adjustable 
scaffold close to the mortar box. Furthermore Gilbreth found that by 
tempering the mortar just right the bricks could be readily bedded to 
the proper depth by a downward pressure of the hand with which they 
are laid. He insisted that mortar mixers should give special attention 
to tempering the mortar and so save time consumed in tapping the 
brick. 

Through this minute study of the motions to be made by the brick- 
layer in laying bricks under standard conditions, Gilbreth reduced the 
movements from 18 per brick to S, and even in one case to as low as 2 
motions per brick. In an early demonstration on a commercial scale of 
the great gain which is possible from practically applying his scientific 
study Gilbreth, with union bricklayers, showed that in laying a factory 
wall, 12 inches thick, with 2 kinds of brick, faced and ruled joints on 
both sides of the wall, he averaged, after his selected workmen had be- 
come skillful in his new methods, 350 bricks per man per hour; whereas 
the average speed of doing this work with the old methods was, in that 
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section of the country, 120 bricks per man per hour. His bricklayers 
were taught the new methods of bricklaying by their foremen. Those 
who failed to profit by their teaching were dropped, and each man, as 
he became proficient under the new method, received a substantial 
(not a small) increase in his wages. With a view to individ ualizin g his 
workmen and stimulating each man to do his best, Gilbreth also de- 
veloped an ingenious method for measuring and recording the number 
of bricks laid by each man, and for telling each workman at frequent 
intervals how many bricks he had succeeded in laying. 

OTHER ASPECTS OF SdENTIFIC MANAGEMENT 

Although Taylor’s first and chief interest was the improvement of 
methods of work, he recognized that in addition to this it was extremely 
important to provide the worker with the most satisfactory tools and 
conditions of work. This he felt was necessary not only to insure an 
increased return to the worker from the use of improved methods, but 
also to increase further the operating efficiency of the plant. His re- 
nowned experiment on determining the best kind of cutting tool for each 
of the many different conditions encountered in working on metals is an 
outstanding example of his concern with the adequacy of the tools fur- 
nished to the worker. To insure the most satisfactory conditions for in- 
creased production Taylor recommended a number of procedures which 
have become an established part of the scientific management program. 
Among these may be cited: 

1. Time study, with the implements and methods for properly mak- 
ing it. 

2. Functional or divided foremanship. 

3. The standardization of all tools and implements used in the trades 
(as well as the acts or movements of workmen for each class of 
work.) 

4. The establishment of a planning room or department. 

5. The “exception principle” in management. 

6. The use of slide-rules and similar time-saving implements. 

7. Instruction cards for the workman. 

8. The task idea in management, accompanied by a large bonus for 
the successful performance of the task. 

9. The “differential rate.” 

to. Mnemonic systems for classifying manufactured products as well as 
implements used in manufacturing. 

11. A routing system. 

12. Modem cost system, etc., etc. 

In his development of these principles of scientific management and 
in their application the founder of scientific management pointed to 
the need of “another type of scientific investigation — which should re- 
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ceive special attention, namely, the accurate study of the motives which 
influence man — Laws which apply to a large majority of men,” Taylor 
points out, ‘‘unquestionably exist, and when clearly defined are of 
great value as a guide in dealing with men.” At the same time, in the 
practical application of his system, increased pay for a higher rate of 
speed constituted the only incentive employed in elevating the worker 
to the high standards of efficiency demanded by the system. 

Taylor failed to submit to experimental analysis the motivating fac- 
tors which are present in man and influence his effectiveness in work. 
He also gave no consideration to an experimental study of the nature of 
the skill with which he primarily concerned himself. For these reasons 
Taylor contributed little to the theory and procedures of psychology as 
applied in industry. However, his emphasis on the human factor was 
extremely influential in preparing the ground for industrial psychology. 
Moreover, his point of view and methods have both directly and indi- 
rectly affected its scope, objectives, and the direction of its growth. 

THE SOCIAL IMPLICATIONS OF THE TAYLOR SYSTEM 

A summary of the contributions of Taylor would be incomplete — 
and is perhaps only too often left incomplete — ^without a reference tc 
the social philosophy which guided him in the development of his prin- 
ciples. “The greatest material gain which those of the present genera- 
tion have over the past generations has come from the fact that the 
average man in this generation, with a given expenditure of effort, is 
producing two times, three times, even four times as much of these 
things that are of use to man as it was possible for the average man in 
the past to produce. This increase in the productivity of human effort 
is, of course, due to many causes, besides the increase in the personal 
dexterity of the man. It is due to the discovery of steam and electricity, 
to the introduction of machinery, to inventions, great and small, and to 
the progress in science and education. But from whatever cause this 
increase , in productivity has come, it is to the greater productivity of 
each individual that the whole country owes its' greater prosperity.” 

“The general adoption of scientific management would readily in the 
future double the productivity of the average man engaged in indus- 
trial work. Think of what this meajis to the whole country. Think of 
the increase,” he writes, “both in the necessities and luxuries of life, 
which becomes available for the whole country, of the possibility of 
shortening the hours of labor when this is desirable, and of the in- 
creased opportunities for education, culture, and recreation which this 
impli^. But while the whole world would profit by this increase in pro- 
duction, the manufacturer and the workman will be far more interested 
in the especial local gain that comes to them and to the people imme- 

« F. W. Taylor, op. tit., pp. 129-30. 
p. 141. 
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diately around them. Scientific management will mean, for the employ- 
ers and the workmen who adopt it — and particularly for those who 
adopt it first — the elimination of almost all causes for dispute and dis- 
agreement between them. What constitutes a fair day’s work will be a 
question for scientific investigation, instead of a subject to be bargained 
and haggled over. Soldiering will cease because the object for soldiering 
will no longer exist. The great increase in wages wliich accompanies 
this type of management will largely eliminate the wage question as a 
source of dispute. But more than all other causes, the close, intimate 
co-operation, the constant personal contact between the two sides, will 
tend to diminish friction and discontent.” 

THE INFLUENCE OF SCIENTIFIC MANAGEMENT UPON THE SCOPE, 
METHODS, AND AIMS OF INDUSTRIAL PSYCHOLOGY 

The work of Taylor and his disciples has tremendously influenced 
the development of industrial psychology in two directions: — 

First, in guiding somewhat the type of investigations conducted by 
the industrial psychologist, that is, in determining the scope of indus- 
trial psychology, and 

Secondly, in establishing firmly the economic objective of industrial 
psychology, 

A bulletin issued by the National Institute of Industrial Psychology 
of Great Britain gives the following as the scope of functions of indus- 
trial psychology: 

1. Study of the requirements of occupations and the elaboration and 
application of suitable tests so as to secure (a) the scientific selection 
of workers, and (b) more reliable guidance for children when choosing 
their life’s work. 

2. Investigation of the best methods of applying human energy with 
regard to (a) the elimination of unnecessary movements, (b) advan- 
tageous distribution of rest periods, and (c) the reduction of monotony 
and increase of interest, etc. 

3. Realization of conditions (a) in regard to lighting, ventilation, 
etc., which tend to the maximal health, comfort, and well-being of the 
worker, and (b) in regard to methods of payment, labor representation, 
etc., which tend to the best relations between management and labor. 

4. Training of workers with reference to the psychological princi- 
ples involved in learning and habit formation among begitmers, the 
training of foremen, etc. 

5. Study of the factors influencing the sale of products, e. g., adver- 
tising, designing, etc. 

A comparison of this statement with the discussion of the work of 
Taylor and his disciples included in this chapter shows the extent to 
which psychologists have absorbed the functions assigned by Taylor to 

Ibid., pp. 142-143. 
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the exponents of scientific management. The industrial psychologists 
are building upon the foundations laid by Taylor and concerning them- 
selves with the types of problems in which he was interested. How- 
ever, it is important to point out that although the psychologists are 
building upon the foundations laid by Taylor, the structure which they 
are setting up differs very much from the rough plans sketched by 
Taylor and by other early workers in the field of scientific management. 
Although recognizing the fundamental soundness of the plan designed 
to increase human efficiency, psychologists have, at all times, been very 
critical of the emphasis on efficiency and the relative disregard of hu- 
man welfare in the proposals and practices for putting the plan into 
operation adopted by industrial engineers who have taken up the de- 
velopment of scientific management since the retirement of Taylor 
from active work in approximately 1910. This critical attitude has been 
responsible for the revision by the industrial psychologist of Taylor’s 
plans in such a way that industrial efficiency may be achieved without 
the sacrifice of individual welfare. It is as students of human behavior 
that the psychologists have taken over the work to increase human 
efficiency in industry through fatigue study, time and motion study, 
etc. Although, to some extent, they have become advocates of the Tay- 
lor system, the psychologists are also the most enlightened and the 
most severe critics of the Taylor and similar systems for increasing 
industrial efficiency, in so far as in the application of these systems 
there may be a tendency to neglect the worker’s well-being — to 
sacrifice his “maximal health” and comfort. This problem will be dis- 
cussed in greater detail in a later section of this volume. 

THE ECONOMIC ASPECTS OF INDUSTRIAL PSYCHOLOGY 

Industrial psychology has profited not only from the adoption of the 
techniques of scientific management but from the demonstration by 
Taylor that industry can expect a definite return from an investigation 
and analysis of human behavior. It is partly because Taylor showed 
that returns to both the management and the worker could be in- 
creased through the study of the human element that early psycholo- 
gists were granted by industry an opportunity to conduct investigations 
designed to increase human effectiveness in industry. In return indus- 
trial psychology has taken on the obligation of scientific management 
for promoting the efficiency of the individual worker, and in this way 
contributes to the further development of industrial civilization. The 
importance of the economic objective is well illustrated in the rapid rise 
of industrial psychology in Germany at the end of the war. At this 
time there appeared a pronounced interest in the application of psy- 
chology in business which resulted in the establishment of numerous 
psychological institutes and in the organization of psychological labo- 
ratories by private firms. The intensified interest had its root, to some 
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extent, in the general desire to achieve, as quickly as possible, the eco- 
nomic reconstruction of German industry and of the state itself. Ap- 
plied psychology found ready acceptance by industrialists and workers 
alike as a measure which would help in the best utilization of the 
dwindled man power of Germany. It was recognized that unit cost of 
production could be decreased only by substituting the most efficient 
use of human effort for the advantages in low cost of raw material and 
and large working population possessed by Germany before the war, 
and that only by thus decreasing cost of production could Germany 
hope to compete with other manufacturing countries and regain her 
place in the economic world. Other factors favorable to the develop- 
ment of industrial psychology were also present, but this, more than 
any other single force, contributed to the growth of the German 
agencies for the application of psychology in business. 

In the United States and elsewhere further illustrations could be 
furnished to indicate the strength of this economic support to industrial 
psychology. To one group of psychologists the increased economic re- 
turn to society, to the industrisd plant, and to the worker from the appli- 
cation of psychology in industry constitutes the sole justification for this 
work. To these psychologists increased efficiency and decreased cost of 
production represent the only motives for the investigation of human 
behavior in industry and for the application in this situation of the prin- 
ciples evolved in the psychological laboratory. In contrast is the insist- 
ence by other psychologists upon the broader social aims of industrial 
psychology. “Recognizing that an increasingly greater output of the 
necessaries of life must ultimately be for the advantage of all, and' that 
secondly, the scientific mechanization and speed-up of industry are 
fundamentally necessary and natural tendencies of our time which it is 
futile to oppose, but realizing too, that after all, production is as much 
for the sake of life as life for the sake of production,” this other 
group of psychologists has stressed elements of individual and social 
welfare, the significance of which can only be completely understood 
from a consideration of the social and psychological foundations of in- 
dustrial psychology.^* 



III. SOCIAL FOUNDATIONS 

OF INDUSTRIAL PSYCHOLOGY 


The urge for increased production and distribution of goods may be 
described as the dominant force of the industrial age. As the taste of 
blood stirs the appetite of a wild beast, the demonstration, in the early 
days of the Industrial Revolution, of what could be done by machines 
has stirred us toward greater and greater accomplishment in the mass 
production of increasingly diversified goods. This has been accom- 
plished, in large part, through the development and use of bigger and 
better machines. The growing dependence upon the machine, the faith 
in its powers, combined with the play of such forces as increased labor 
supply, the individualism of a pioneering era, etc., led, particularly in 
the early phases of industrialization, to the development of a mechanis- 
tic orientation with respect to the worker himself. Labor came to be 
looked upon as a commodity value to be gauged by the same standards 
of maximum use, periodic replacement, and scrapping when damaged 
or worn out, as was the machine. 

This attitude was favored by the social philosophy of the era— the 
insistence that if each force, most particularly capital and labor, were 
flowed free play each would automatically find its level and receive its 
just return in this well ordered world. Such a policy, it was believed, 
establishes a natural balance between capital and labor, between supply 
and demand and similar highly complicated and ill-defined supple- 
mental or antagonistic forces, and gives each individual an opportunity 
to profit most freely from the display of his talents. 

Su(± a policy implies non-interfermce on the part of social agencies 
with individual enterprises. In the light of this attitude, the displace- 
ment of men by machines could not be viewed as a social problem, but 
merely as a misfortune to the individual caught and unseated by the 
free and tempestuous play of uncontrollable forces. There was, of 
course, the hopeful belief ^at the cycle would correct itself, that new 
machines would create new demands, new forms of work, and new 
jobs in which the displaced workers could find new opportunities. That 
the temporary poverty and suffering of the individual constituted a 
social concern was vehemently denied by the exponents of this doctrine 
of laissez-faire. 
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The policy of non-interference is well illustrated in the public atti- 
tude toward the health and welfare of the worker injured in the indus- 
trial plant. Not only was there an absence of provision for medical 
treatment or for caring for the wants of the worker and his family dur- 
ing the period of illness, but the burden of proving the management’s 
responsibility for an accident was placed directly upon the shoulders of 
the worker. The acceptance by the court of the plea of contributory 
negligence on the part of the injured man or of his fellow-workers 
was fully in accord with the individualistic and mechanistic orientation 
of the age. The worker paid for this “neglect” not only by loss of work 
and by suffering, but also too often by pauperization — ultimately paid 
for by the community — in spite of social smugness in disclaiming in- 
terest in what occurred in the industrial plant. Industrial accidents are 
used in illustration, but the viewpoint with respect to physical and 
mental health, superannuation, and so on, was similar and could like- 
wise be used in exemplifying the social philosophy of an era which is 
not yet altogether in the past. “During the nineteenth century indus- 
trial development proceeded so rapidly in Europe and America, that 
the necessity of protecting and conserving the human element in pro- 
duction was scarcely recognized. . . . Economy in the application of 
capital, replacing of worn out machinery and conservation of natural 
resources received careful consideration. Waste of human life, accu- 
mulation of fatigue and destruction of health in industry received no 
such attention.” ’ 

Recent years have witnessed a complete revolution in this viewpoint, 
an acknowledgment that individual welfare in industry is very much 
the concern of society. “The economic and social problems created by 
the appearance of the isolated individual under the conditions of mod- 
em industry appeared so insistent and alarming that modifications of 
the policy of public non-interference were deemed necessary, until, in 
the last quarter of the century, our comprehensive programs of social 
betterment, involving a new concept of society’s duty to the individual, 
began to appear.” “ These programs have taken first of all the form of 
social welfare measures (in some instances administered directly by the 
State, in others, jointly by State, industry, and workers), such as com- 
pulsory compensation in case of accidents, old age pensions, health in- 
surance, and similar devices. The organization of public employment 
agencies represents another measure taken by society in recognition of 
its responsibilities for aiding in the adjustment of the individual worker. 
Such measures express “the assumption that the individual’s life is so 
interknit with conditions quite beyond his control that he can no longer 
be fully responsible for his individual good or ill. Hence the new as- 
sumption — utterly scoffed at in the buoyant individualistic days of dis- 
covery and preemption — that the individual, the business enterprise. 
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and society should be joint partners in the upkeep of effective and re- 
sourceful life.” ® 

In addition to measures taken by society, individual employers, es- 
pecially the managements of the larger industrial organizations, have 
started to take an interest in husbanding the human resources in in- 
dustry. This interest undoubtedly grows out of the selfish concern for 
increased productivity to which attention has been drawn in the pre- 
ceding chapter. The substitution of improved methods of work for the 
inadequate procedures adopted by the worker when left to his own de- 
vices, the assignment of a definite task, the assurance of a high return 
for increased production, have not been sufficient to insure the contin- 
ued efficiency of the worker. It has been found that these essential but 
limited procedures of the Taylor system must be supplemented by a 
more careful study of other sources of human proficiency, and by a 
more extended consideration of other roots of human satisfaction — of 
the causes of human adjustment and maladjustment in industry, if ex- 
tended productivity is to be obtained. 

The historical development of this viewpoint has been succinctly 
summarized by Person.* “We find little evidence,” he writes, “that 
there was a consciousness of a problem of industrial relations half a 
century ago. Then in the eighties came big-scale enterprise and the 
realization of the difficulty of supervising workers, and industry began 
to seek for incentives to replace supervision in differential wage sys- 
tems. The practical problems of co-ordination, of good will, and incen- 
tive increased as industry became more complex, theories began to be 
formulated, a circular reaction between these set up. By 1900, a few 
executives with vision had begun to make noteworthy experiments in 
industrial government, and a decade later a Robert Valentine or a 
Robert Wolf was making the problem of relations with workers the es- 
sential element of his industrial philosophy. Then came the war with 
the problem of hiring, the propaganda which made labor more con- 
scious of its function and power, the restriction of immigration and the 
diminution of the margin of free labor, new theories and new problems 
with their circular reactions, and now many executives are convinced 
that the problem of management is the problem of men.” 

It is true that selfish interests first led management to focus atten- 
tion on the human element. It is also probably true “that employers 
who start to care for the health or well being of their employees, be- 
cause it pays to do so become so much interested in this new enterprise 
that they eventually do it because they like to do it.” ® However, this 
solicitude for the individual worker has unquestionably been further 
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fostered by the changing social philosophy — ^by the growing insistence 
that individual welfare be made the central objective of social activi- 
ties — whether they be industrial, political, or educational in character. 

THE ORGANIZATION OF PERSONNEL DEPARTMENTS 

The employer’s selfish interest, supplemented by the impact of this 
changing social philosophy, has led to the development in industry of 
specialized agencies and procedures designed to safeguard and to make 
most effective use of its man power. Responsibility for these functions 
has been generally assigned to a relatively new department of the in- 
dustrial organization — a Personnel Department, established “to direct 
and co-ordinate human relations with a view of getting the maximum 
production with the minimum of effort and friction and with proper re- 
gard for the genuine well being of the worker” * (italics by the author). 
It is not within the scope of this volume to sketch the history of per- 
sonnel management or describe fully the organization and administra- 
tive procedures of the personnel department. The beginning of the per- 
sonnel department is to be found in centralized employment offices, 
established when the size of the plant, the specialization of labor and of 
supervision made it necessary to transfer the hiring function from the 
plant owner, manager, or foreman to some individual especially desig- 
nated to perform this task. Such centralization created a need for a 
study of the job, or job analysis, by means of which the duties and 
qualifications of the many jobs in the plant could become known to the 
individuals responsible for selecting workers. To these were gradually 
added the duties of providing suitable medical examination and care, 
certain welfare activities, etc. Finally “War conditions called attention 
more or less dramatically to the need of scientific personnel adminis- 
tration and . . . lately, the field has come to be recognized as a definite 
phase of management’s administrative function, and like other func- 
tions, has become specialized. The same reasons that demand the cen- 
tralization of responsibilities under a production manager, a sales man- 
ager, a research manager, and similar staff heads, also demand that 
responsibility for the direction of human effort should be centralized 
under a personnel director.” ' The wide range of responsibilities of the 
personnel director, of the activities conducted by a personnel depart- 
ment in promoting the welfare and efficiency of workers is shown in 
Figure 1, representing the functions and administrative divisions of a 
completely equipped personnel department. / 

Industrial psychology represents, in part, a response to the same 
social forces which have contributed to the development of personnel 
administration. It represents perhaps a refinement of the ordinary proc- 
esses of personnel administration — the application, in industry, of ex- 
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The application of psychology in industry grows out of the impact of 
economic and social forces discussed in earlier chapters. It has been 
made possible also by changes in orientation and in methods of the 
science itself. 

The theoretical supports of a science and its technical development 
are in large part influenced by its philosophical foundations. By this is 
meant the orientation of the science toward its own content and meth- 
ods and toward other sciences, technologies, and doctrines with which it 
makes contact. The importance of philosophical foundations is well 
illustrated in the general history of science. So long as astronomy was 
limited by a belief in a universe created for men, with earth, inhabited 
by men, as its center, this science could not achieve the heights of dis- 
covery that have characterized it since this point of view has been 
abandoned and imagination projected into the space beyond the earth. 
Chemistry enchained to a philosopher’s stone remained alchemy. 
Anatomy and physiology in the hands of a church antagonistic to 
human dissection, on religious and philosophical grounds, could not 
uncover the essential facts upon which the important technical contri- 
butions of these sciences are based. 

THE EXPERIMENTAL BASIS OF PSYCHOLOGY 

Of primary importance in the development of industrial psychology 
is the shift in orientation of psychology from a logical to an experi- 
mental basis. Psychology started as a “rational” system. Its problem 
was to apply reasoning in arriving at a knowledge of psychic life. “Ra- 
tional psychology took the form pf philosophical speculation with 
respect to the value of consciousness and the origin of the soul. . . . 
As interesting and as worthwhile as this speculation may have been, it 
contributed little to the development of a science of human behavior.” ^ 
Psychology conceived as a logical, instead of as an experimental system, 
could make but meagre contributions toward a valid analysis of human 
conduct. It could, in addition. And little favor in industrial circles — 
among engineers trained in the physical sciences, priding themselves 
upon their dependence on the realistic facts of production records, of 

' W. Weber, Die Praktische Psychologie im Wirtschaftsleben, Leipzig, 1927, p. 1. 
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accounting sheets and of the testing laboratory — and little concerned 
with the ratiocinations of arm-chair philosophers. 

The change in orientation of psychology from a rational to an ex- 
perimental basis is a phenomenon of the last half century. The history 
of the transformation cannot be told here, although its character can 
perhaps be illustrated by a brief reference to the activities of Wilhelm 
Wundt, whose most important service to psychology was to give it an 
experimental turn. The forces which grasped the study of hum^ con- 
duct from the hands of the philosophers and of the mystic, and 
moulded it into the form of an experimental science devoted to the 
stuoy of observable and measurable phenomena, were active for a 
century before Wundt became interested in psychology as science. 
They had expressed themselves in the fields of biology, physiology, and 
physics and in the gradual delimitation, within each of these fields, of 
a series of investigations with a definitely “psychological cast of 
thought.” Other German investigators, notably Gustav Theodor 
Fechner, had dready stressed the experimental foundations of psy- 
chology and had sketched the concept of psychology as a distinct sci- 
ence with a definite field of research and with its own specialized experi- 
mental methods. However, “Wundt was probably the most complete 
expression in his time of the scientific forces that were remaking psy- 
chology. He was one of those men who are great because they 
recognize the complicated intellectual forces that are developing about 
them, realize where they are tending, and undertake a synthesis of 
them. Wundt was the fulfilment, not the origin, of the movement with 
which his name is associated. But to bring such a movement to its ful- 
filment, and outline with vigor and earnestness the conception of an 
experimental psychology which should take its place among the natural 
sciences, was an achievement of such magnitude as to give him a unique 
position among the psychologists of the modern period.” ® 

Wundt’s interest in an experimental psychology, employing scientific 
methods in collecting and correlating facts, found objective expression 
in the establishment, in Leipzig, in 1879, of the first laboratory specifi- 
cally devoted to psychology,* and in the foundation, in 1881, of the 
first periodical {Philosophische Studien) for the publication of experi- 
mental investigations. Voluminous publications on many aspects of 
psychology represent the further contribution of this pioneer in the 
field of experimental psychology. Wundt’s influence wm exercis^ not 
only in this systematization of psychology, but in giving direction to 
the work of students who flocked to him. The men who were to be 
leaders in the development of psychology in Germany, England, 
France, and the United States came to Wundt in Leipzig, and carried 
back methods and points of view which have influenced the develop- 

* G. Murphy, An Historical Introduction to Modern Psychology, New York, 1929, p. 
160, also p. 173. 

• W. B. Pillsbury, The History of Psychology, New York, 1929, p. 130. 
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ment of industrial as well as other ^ecialized fields of psychology. 

The introduction of experimental method into the study of human 
conduct was a necessary preliminary to the application of psychology 
in industry. However, the actual expansion of psychology as an applied 
science involved further changes within the science, most particularly 
modifications in viewpoint with respect to the scope and purposes of 
the new science and in the acceptance of techniques not employed in 
the early days of experimental psychology. The changes in the science 
which are of particular significance from the viewpoint of the industrial 
psychologist are: 

1. The extension of its boundaries to include the study of individual 
differences. 

2. The enlargement of the scope of psychology to include its appli- 
cation in promoting individual adjustment. 

THE STUDY OF INDIVIDUAL DIFFERENCES 

In its early phases experimental psychology was concerned solely 
with the formulation, on a factual basis, of principles and theories of 
human behavior. Wundt’s work on the psychology and physiology of 
the senses, his interest in association experiments, his concern with the 
relation between the physical and psychical worlds are all outgrowths 
of an endeavor to verify psychological principles of wide application. 
So, for example, in the study of reaction time his interest was centered 
on the effect of the stimulus — ^the time of response of visual in con- 
trast with tactual and auditory stimuli, on the influence upon reaction 
time of such complicating conditions as the association of ideas and of 
other complex mental phenomena, etc. He was interested in these 
measurements primarily because they furnished an opportunity for the 
analysis of the mental processes that precede the action. The analysis 
of the processes led to an emphasis on introspection — a controlled self- 
examination by the subject of the contents of consciousness — as the 
chief experimental technique of psychology. The actual data on re- 
action time, as well as those obtained in other experiments, were con- 
sidered of significance only as they helped in the formulation of general 
principles with respect to functions of the human mind. The responses 
of the few subjects included in the- experiment were considered valu- 
able to the extent that they could be looked upon as representative of 
all persons. Viewed as examples of the responses of the individual, as 
typical of his behavior, they had no significance. “In the Wundtian 
school individual differences were wiped out in averages or completely 
ignored in an effort to get at generalizations about the elemental con- 
tents of consciousness in analogy with the study of atoms and forces 
in chemistry and physics. Introspection, in the form of verbal report, 
was simply an aid to the arrival at more adequate statement of laws. 
If the individual was thought of at all by the Wundtians it was in the 
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analogy of the ‘economic man’ of classical political economy, a psycho* 
logic man or automaton buOt up in additive fashion, from the elements 
and attributes of consciousness.” * 

Industrial psychology is interested in the individual — in his reac- 
tions in a specific situation. The growth of industrial psychology has 
been associated with the development of a psychology interested not 
primarily in general tendencies, but in the problems of a single indi- 
vidual and in the nature and extent of the- variation of his response 
from the reactions of other individuals. 

“This individual constitutes, as it were, the raw material of the disci- 
pline; it is he that is to be trained, educated, controlled, and made 
efficient. It is he that must be tested, measured and compared” “ and 
with whose general adjustment and efficiency industrial psychology is 
concerned. The inability of a single individual to discriminate between 
green and red is of no significance to the exponent of Wundtian psy- 
chology, inasmuch as the investigator is interested primarily in the 
analysis of the factors underlying color discrimination, and in the 
amount of difference which must exist between two stimuli to permit 
discrimination by the “typical” individual. To the industrial psy- 
chologist this peculiar variation from other individuals is of enormous 
significance, particularly if the selection of a worker for the transpor- 
tation industry is involved. 

Industrial psychology is based upon a study of individual differences 
— of human variability — the importance of which as an objective of sci- 
entific psychology seems to have first been definitely recognized and 
stressed by Sir Francis Galton, who was the “pioneer of an experi- 
mental psychology that was primarily, though not entirely, concerned 
with the problem of human individual differences.” * A paper published 
in 1879 led the way in the study of individual differences.^ His In- 
quiries Into Human Faculty and Its Development, published in 1883, 
represents the first major contribution toward a scientific individual 
psychology. Galton was interested in a survey of available human as- 
sets, and undertook to use tests for the study of human differences. In 
ex a minin g these differences he was primarily interested in performance 
and not in the detailed physiological or conscious conditions that lie 
back of the performance. 

Galton’s first contribution to the study of individual differences was 
a statement of the problem. In addition, he insisted upon an adequate 
seimpling of the human population as a means of determining the char- 
acter and range of individual differences. He first conceived the idea 
of applying to the study of individuals the normal law of error ® de- 

* K. Young, “The History of Mental Testing,” Ptd. Sem., 31 (1924), p. 44. 

®H, P. Weld, Psychology as Science, New York, 1928, p. 270. 

® E. G. Boring, History of Experimental Psychology, New York, (1929), pp. 472-474. 

^F. Galton, “Psychometric Experiments,” Brain, 2 (1879), pp. 149-62. 

® See Chapters VI and VII for a discussion of these concepts. 
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vcloped by Quetelet, and thereby helped to promote the universal ap- 
plication of the Gaussian Curved It was Galton who first worked out 
the method of correlation,^ so important a technique in psychological 
investigation, and applied it in the study of relationsMps between 
human traits. His study of individual differences in imagery, by the use 
of the breakfast table questionnaire, employing the method of intro- 
spection, remains a classic experiment in this field. In addition, he is 
responsible for the invention of a number of mental tests, some of 
which are still in use in psychological laboratories and clinics. 

There seems little doubt that the first important work in the experi- 
mental study of individual differences and in the use of tests and 
statistical methods for their analysis was done by Galton. It is equally 
true that the remarkable development during the last four decades of 
the study of the individual as a part of the science of psychology, in 
the United States at least, and to some extent throughout the world, is 
largely due to the initiative and energy of J. McKeen Cattell. In the 
“nineties” the field of individual differences, which had been originally 
explored by Galton, became, through Cattell, a prominent part of 
experimental psychology. “Cattell was Wundt’s first assistant, self- 
appointed with genuine American intrepidity. Wundt states that Cat- 
tell simply came to him and said, ‘Herr Professor, you need an assist- 
ant and I will be your assistant’! . . . Cattell brought to Wundt, ac- 
customed to assigning problems arbitrarily to students, his own problem, 
the problem of individual differences, and succeeded in working upon it, 
for all that Wundt called it ‘Ganz AmerikaniscV — as indeed the problem 
has turned out to be.” ® 

Cattell started by working on orthodox problems of Wundtian 
psychology — problems of association, of reaction time, problems in the 
field of psychophysics. To these he brought not only a thorough 
knowledge of the principles and techniques of the “old psychology,” 
but a highly critical sense in the formulation of new me±ods for the 
study of older problems. In addition, he became a pioneer in the ex- 
ploration of other fields of research, such as the time of perception of 
reading, the range of attention, the legibility of letters of the alphabet, 
which until then had received no attention. To his other qualities he 
added a facility for developing and defending the use of new statistical 
methods in the treatment of psychophysical and other data. Above all, 
he combined with the interest in “conventional procedures of psy- 
chology” an altogether “unconventional” concern about the in^- 
viduaJ.^® 

Cattell, says Thorndike, “was perhaps the first rebel from within 
the ranks of psychologists to set his face against the narrowness of the 
Wundtian school where individual diversities were hidden in averages 

* See Chapters VI and VII for a discussion of these concepts. 

®E. G. Boring, op. cit., p. 391. 

G. Murphy, op. cit., p. 177. 
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or €ven discarded as erroneous.” “ Whether Cattell’s interest in indi- 
vidual differences reflects the opinions of Galton, or whether it de- 
veloped independently in the fertile ground of Cattell’s mind, cannot 
be definitely known. Apparently his tendency to pass beyond the 
formulation of general rules and to define quantitatively the nature 
and significance of individual differences was present when Cattell be- 
came Wundt’s self-appointed assistant in 1883, and possibly when he 
first came to Leipzig in 1880. It is significant to note that Cattell did 
not meet Galton until after his departure from Leipzig in 1886. In a 
paper published in 1885 “ there is already a recognition of the im- 
portance of individual differences, and in another, published in the 
same year, he is bold enough to declare, with reference to reaction time, 
that “the individual difference is a matter of special interest.” This 
interest thrived in Leipzig, in spite of, or possibly by reason of, the 
orthodox surroundings. It matured during Cattell’s incumbency of the 
first professorship of psychology in the world, at the University of 
Pennsylvania (1888-1891). In 1890 he published a notable paper on 
“Mental Tests and Measurements” setting forth in detail his posi- 
tion on the measurement of individual differences, describing 10 tests 
which he was using, and recommending the use of “mental tests” as 
apparatus in psychological experimentation. His insistence upon the 
use of statistical methods for the measurement of variation from the 
central tendency, to supplement the examination of the central tend- 
ency, appears in this and other articles. 

Cattell’s first elaborate exploration of individual differences was un- 
dertaken in 1894, after he had been called to Columbia University, and 
involved the use of a battery of tests in measuring the physical and 
mental status of Columbia students. This study, published in collabo- 
ration with L. Farrand in 1896,^® is the first of its kind. Cattell not 
only initiated the mental testing movement for the measurement of 
individual differences in the United States, and stimulated its growth 
in other countries, but he has also remained a force in the development 
of this movement. The history of industrial psychology shows Cattell 
in the vanguard of those who recognize the importance of individual 
differences in accounting for variabUity in performance on the job, and 
who recommend the mental test, the tool used in the measurement of 
individual differences, as an aid to the promotion of individual adjust- 
ment and efficiency in industry. 

Another chapter will be devoted to a discussion of the findings of 

Cited from K. Young, op. cit., p. 32. 

i< J. McK. Cattell, Cber die Zeit der Erkennung und Bennenung von Schriftzeichen, Bil- 
dem und Farben,** PhU. Studien, 2 (1885), pp. 635-50. 

i®J. McK. Cattell, “Dber die Tragheit der Netzhaut und der Sehcentrum,” Phil. Studien, 
3 (1885), pp. 94-127. 

1* J. McK. Cattell, “Mental Tests and Measurements,” Mind, 1 (1890), pp, 373-;80. 

1® J. McK. Cattell and L. Farrand, “Physical and Mental Measurements of the Students 
of Columbia University,” Psych. Rev., 3 (1896), pp. 618-48. 
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Cattdl and of investigators since the time of Cattell upon the nature, 
distribution, and origin of individual differences. It is not wiAin the 
scope of this book to trace further the early influences in turning psy- 
chology away from a limited study of the processes of the human mind, 
by the method of introspection, to the broader study of differences by 
objective methods. The names of Kraepelin and Munsterberg in Ger- 
many, of Binet in France, would necessarily enter into such a discus- 
sion. It is also unnecessary to describe the rapid rise and far reaching 
developments in the use of mental tests in education, in psychological 
clinics, and in other situations during the first quarter of the century. 
This discussion of the work of Galton and of Cattell is sufficient to show 
the nature of one important change in the science of psychology which 
has been extremely significant in the growth of industrial psychology. 

THE APPLICATION OF PSYCHOLOGY IN PROMOTING INDIVIDUAL AD- 
JUSTMENT 

Another change which has been equally important in the develop- 
ment of industrial psychology is the expansion of psychology to in- 
clude the application of its findings in promoting individual adjust- 
ment. Conceived as a “pure” science, unbesmirched by an ulterior or 
practical objective, psychology has been drawn into the maelstrom of 
life outside the sheltered laboratory. The interest in “pure” sensation 
has been supplemented by a concern for the mental traits of those eu- 
phemistically designated by the mid-Victorians and the clergy as the 
“impure.” Tlie measurement of visual perception of distance of 
selected observers, trained in the method of introspection, has been 
extended to the determination of visual discrimination of distance by 
applicants for the position of motor vehicle operator. The statistical 
methods of traditional psychophysics, originally reserved for the 
treatment of sense data, has been extended to the evaluation of human 
attitudes toward such highly mundane activities as war and birth con- 
trol. Psychology, just as the older and possibly more “respectable” 
sciences of physics and chemistry, has rapidly become a servant of the 
arts and crafts, tbe boon companion of technical procedures in such 
varied fields as education, politics,, and industry. So rapidly and thor- 
oughly has psychology become “practical” and “applied” that there 
remain but few psychologists whose interests have not at one time or 
another impinged upon activities outside the laboratory, who have not 
been drawn into studies outside of the revered and circumscribed field 
of “pure” science, or whose investigations have not at least been 
found to apply to the solution of problems of human adjustment in 
one field or another. So universal is this trend, that it may almost be 
said that in psychology nothing remains “pure,” in spite of the pains- 
taking distinctions between “pure” and “applied” psychology so care- 
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fully draum by Weld and Boring,” to ^cb reference ^ be made 
at tbe end of this chapter. 

In the application of psychology there has been a tendency to view 
it only teleologically, i. e., with respect to the situation in which it is 
applied. So, for example, it has 'been oriented as psychology in educa* 
tion, psychology in industry, psychology in politics, etc. Viewed from 
this perspective, there has been an inclination to overlook the common 
factor present in the application of psychology regardless of the field 
in which it is applied. This common factor is the individual whose ad- 
justment to the situation in which he is functioning must be the chief 
concern of an “applied” psychology. This tendency to overlook the 
individual was, of course, characteristic of Galton’s work and has been 
particularly prominent in American psychology, where tiie statistical 
treatment of mass data on individual differences in specific mental 
traits and responses has until very recently been in the ascendancy. 
The individual, represented by an impersonal score on one or another 
test, has often been completely lost in the shuffle of interpreting mass 
data in terms of the aim for which they were gathered. 

Within recent years this tendency has become less pronounced, re- 
placed by a viewpoint which emphasizes with renewed vigor the “unity 
of the organism” as the basis of study.^® In the application of psy- 
chology in education, in industry, and elsewhere, there has been a 
pronounced shift away from the statistical treatment of mass data to 
the complete study of the characteristic mental traits and patterns 
of behavior of the individual as an aid in his adjustment. The early 
students of individual differences were particularly concerned with 
highly specific human traits and responses in which differences existed, 
and in the extent and nature of such variations in the human race. 
Psychologists to-day are increasingly interested in differences between 
individuals considered as total entities, as “personalities,” and in the 
influence of such “total personality” differences upon individual ad- 
justment. The psychologist now concerns himself with the distribution 
and pattern of varied traits and responses in the single individual — 
with trait differences — as well as with the variability of a single trait in 
numerous individuals. 

*‘The fundamental fact of applied psychology is that the individual 
is the unit of action, and all advance in this science must rest upon a 
knowledge of the laws of individual behavior, and the conditions 
which affect it. To one who reviews the field of modern business, in- 
dustry, and education, the striking thing is the emphasjs that is being 
placed on Ae individual rather than the group. It can be seen in educa- 
tion in the recognition of the fact that the individual should be the 
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real unit rather than the class, although actual practice is limited to 
an approximation of this ideal. It can be seen in industry in the use of 
the piece work S3CStem and reward system, which base pay on what 
the individual can do; the consideration of the individud in the con- 
struction of machinery; the arrangement of hours of labor, rest, vaca- 
tions; the consideration of the individual in the selection and training 
of employees.” 

THE CONTRIBUTION OF CLINICAL PSYCHOLOGY 

The complete study of the individual from the viewpoint of his 
adaptability in diverse situations has been the particular province of 
clinical psychology, which naturally draws upon the findings of 
laboratory investigations and upon principles developed as a result of 
the statistical treatment of mass data. The study of the total individual 
for purposes of adjustment found its earliest exponents in France, 
where psychology grew up in close association with medicine. “The 
French psychologists have tended on the whole to study the individu- 
al’s reactions with a view to understanding the total adjustment of 
the organism of personality.” A review of French psychology would 
lead us back, perhaps, to Pinel and Itard.^^ The latter’s attempt to re- 
habilitate a wild boy found in the forests of Aveyron, in Southern 
France, is the first attempt at a studied rehabilitation of a defective 
personality. The trend is reflected in the work of Seguin,®* the first 
exponent of the scientific therapeutic treatment of the feeble-minded, 
whose influence is realistically reflected in the many institutions and 
training schools for the feeble-minded found today in every civilized 
country of the world. The complete story would necessarily include 
the name of Charcot, sometimes called the “father of systematic 
French clinical psychology,” the first to publish observations on imagi- 
nal types, whose thoughts and findings in the study of psychopatho- 
logical personalities have influenced the work of many students of 
normal and abnormal behavior today; and of Ribot, largely responsi- 
ble for the advent of the new scientific psychology in France. In Binet, 
whose interest in the measurement of intelligence grew out of a desire 
to separate the feeble-minded from the normal school children in Paris, 
is found again the concern for individual adjustment which has been 
referred to as characteristic of the French exponents of psychology. 
Finally, the trend still exists in the important contributions of Janet, 

A. T. Poffenberger, Applied Psychology, New York, 1927, p. 16. 

E. G. Boring, op. cit., p. 665. 

J. M. G. Hard, An Historical Account of the Discovery and Education of a Savage 
Man or of the First Developments, Physical and Moral, of the Young Savage Caught in the 
Woods near Aveyron, in the year 1789, London, 1802. See also J. M. G. Itard (Translated 
by G. and M. Humphrey), The Wild Boy of Aveyron, New York, 1932, pp. 104. 

E. Seguin, Idiocy and Its Treatment by the Physiological Method, New York, 1907. 
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“the dean of psycho-pathology in France, whose work takes on a wider 
significance as the line between the normal and the abnormal, es- 
pecially in hysterical phenomena, becomes obliterated with the ad- 
vanced study of the normal personality.” 

Although the French were the earliest exponents of the psychology 
of individual adjustment, the development of procedures for individual 
study and adjustment and the application of psychological findings for 
these purposes in the United States, at least, are largely due to the 
vision and initiative of an American psychologist, Lightner Witmer. 
When, in 1896, he founded, at the University of Pennsylvania, a 
Psychological Clime in which complete studies of individual personality 
were made in promoting the normal adjustment of every child, he be- 
came a pioneer in the application of techniques which have gradually 
found their way into industry, as well as into other situations in which 
psychology has been applied. In this clinic medical and psychological 
studies were combined. Intelligence tests in the modern sense were 
not at first available, but as the number of tests has increased clinics 
are making wider use of these testing methods. A trained social worker 
may be called into service — a worker who employs standard rating 
scales and other devices for appraising the social environment of the in- 
dividual — and brings to the clinician a detailed account of the family 
and its broader social influences, which often proves invaluable in the 
adjustment of the individual. Each of these factors is carefully con- 
sidered and weighed in relation to each of the others. On the basis of 
such an evaluation a program is developed suitable for the particular 
individual. The facts so obtained and evaluated in terms of the problem 
of the single individual also serve an additional purpose. They contrib- 
ute toward the psychologist’s knowledge concerning the interplay of all 
factors which contribute to maladjustments and toward the forniula- 
tion of psychological principles for the prevention of such maladjust- 
ments. 

Similar procedures are followed by the clinical psychologist in the 
treatment and study of the maladjusted adult in industry. So, for ex- 
ample, the application of the procedures of clinical psychology has led 
to the complete study of individuals involved in accidents. The individ- 
ual has been made the point of departure for a thorough ejmmination of 
every factor — physical, mental, social, and economic — which may have 
played a part in the accident in which he has been involved. From such 
a clinical analysis it has been possible not only to assemble complete 
data on the causes of the accident, and to provide for the adjustment 
of the individual, but also to arrive at sound principles for the preven- 
tion of accidents in industry. In later chapters will be found further 
and more detailed illustrations of the use of clinical methods in in- 


*• G. Boring, op, dt., p. 666. 
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dustry — of “the r^ard for the unity of the organism” which alone 
makes possible a complete adjustment of the individual in the in- 
dustrial, as in other situations in life. 

PSYCHOLOGY APPLIED VS APPLIED PSYCHOLOGY 

These are the forces within the science of psychology itself which 
have been of particular significance in making possible an industrial 
psychology, Numwous contributory factors have been omitted from 
this discussion. Among these are the shifting emphasis from “mind” 
to “performance” (reflected in the development of behavioristic psy- 
chology) and an insistence upon controlled observation of overt per- 
formance to supplement introspection of one’s own mental processes. 
They include the growing concern for patterns of behavior (character- 
istic of gestalt psychology) to supplement the analytic study of mind 
by the structural psychologist, an increased regard for underlying 
physiological processes, etc. Laboratory findings on learning and fa- 
tigue have played a distinct part in the development of a psychology 
of work. The elaboration of refined statistical techniques for the treat- 
ment of psychological data by Pearson, Spearman, Thomson in Eng- 
land, and by Thorndike, Kelley, Toops, Thurstone, and others in the 
United States, has enormously facilitated the application of psychology 
in industry. Its growth has also been associated with the successful use 
of tests in other fields, and with the development of apparatus and 
procedures in laboratory work on problems of “pure” science. 

The detailed history of industrial psychology will be treated in the 
next chapter. In the present discussion of the psychological founda- 
tions there still remains the problem of indicating the relationship be- 
tween industrial psychology and the science of psychology in general. 
On the question of relationship there has been much discussion among 
psychologists, not only with reference to industrial psychology, but 
also with respect to other phases of applied psychology. The problem 
has been considered in some detail in a volume on Psychology As 
Science by Weld.** The goal of “critical” science, according to this 
author, “is the acquisition of knowledge for its own sake and not for 
the practical use of mankind.” This definition definitely places indus- 
trial psychology, and, as a matter of fact, every kind of applied psy- 
chology, outside the realm of the science of psychology. Applied psy- 
chology may employ the theory, the procedures, and the facts of pure 
psychology. It may even make a return to pure psychology in the form 
of problems which, when investigated, enlarge its range of knowledge, 
but the practical objective of applied psychology sets it apart from the 
science of psychology.*® This separation is further widened by the de- 
pendence of applied psychology upon sources other than psychology 

a*H. P. Weld, dt., p. 17. 
p. 85. 
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for knowledge that may be of service in attaining its practical needs 
or objectives. The term psychotechnology is employed to describe the 
combination of the procedures and objectives of applied psychology 
with its body of theory drawn from empirical psychology.®* 

Psychotechnology, according to Bingham, is “the offspring from the 
union of psychology and practical affairs.” It is not a special kind 
of psychology with procedures, theories, techniques different from 
chose of pure psychology. Moreover, it is not identical with pure 
psychology. “The two are related in much the same way that any 
of the numerous science-technology teams are related, such as botany 
and agriculture, physics and mechanical engineering, astronomy and 
navigation. A science is an organized body of knowledge, facts, prin- 
ciples, laws. A technology is a more or less loosely related assortment 
of scientifically tested rules for accomplishing certain practical ends. 
So with pure psychology and applied psychology. As a pure science, 
psychology is not concerned with practical utility, but merely with 
increasing, verifying, and organizing our knowledge about mental 
life or behavior. Psychotechnology, or applied psychology, is inter- 
ested in acquiring facts and principles only in so far as they can be 
turned directly to account in the solution of practical problems, in 
industry, selling, teaching, or other fields of human endeavor.” ®* 
There have been varied objections to this distinction between psy- 
chology and psychotechnology. So, for example, Freyd®® condemns 
the distinction on the ground that the method, content, and control of 
the two are similar, and that science should be defined in terms of 
these factors rather than in terms of goals. This critic presents as an 
additional argument for his point of view the fact that confusion with 
pseudo-science may result from the separation of applied from pure 
psychology. The controversy is somewhat beclouded by quibbling over 
terminology. It is characterized by arbitrary distinctions. It is com- 
plicated, particularly in the case of experiments performed in the 
laboratory, by difficulties in distinguishing between investigations moti- 
vated by a search for increased Liowledge and those having a utili- 
tarian objective. 

*®The term psychotechnology has come to be used very widely as synonymous with 
applied psychology. The Germans have adopted the term psychotechnik as a synonym 
for psychotechnology. However, the latter term has also been frequently, although mis- 
takenly, employed to designate the specific application of psychology in industry. As a 
matter of fact, industrielle psychotechnik is the phrase to be used in describing the appli- 
cation of psychology in industry just as in this country the term industrial psychology 
is used to distinguish a branch of psychotechnology, differing in scope or application from 
that of educational psychology, criminal psychology, etc. It is, incidentally, interesting 
to note that the term Arbeitswissenschaft (science of work) is used by Lippman and 
others to designate the concentration of knowledge and method from diverse fields upon 
the problems of work. 
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In one respect at least the emphasis upon psychotechnology as con- 
trasted with psyclmlogy has been harmful. It has helped to compli- 
cate the problem of setting up and enforcing standards wiA respect to 
those who should conduct psychological investigations in industry. 
Both in the United States and abroad, perhaps most particularly in 
Germany, there has been a tendency for the study of human behavior 
in industry to slip from the hands of trained psychologists into those 
of inadequately trained “technicians.” In the insistence upon the spe- 
cialized character of industrial psychology there has been a tendency to 
forget that the practitioner in industry must first be a psychologist be- 
fore he can be an industrial psychologist, or a psychotechnologist. It is 
true that the problems with which the latter works must be investi- 
gated in industrial situations, but they can only be solved by workers 
carefully trained in the science of psychology — as the physician is in 
the science of biology, the engineer is in the science of physics. 

This discussion of the psychological foundations of industrial psy- 
chology shows the latter to be the product of many forces. These 
forces account for the objectivity of its approach, and for the special- 
ized techniques, the scientific curiosity, and the analytic interpretation 
of observed data which are characteristic of industrial psychology. 
They also explain its viewpoint, which “is scientific, empirical, critical. 
It is not content to evolve a beautiful theory in the seclusion of the 
study and adopt it as a final explanation. It insists that theories must 
be put to practical test. It witholds judgment until evidence is in, and 
accepts nothing on mere hearsay or judgment.” *“ With this insistence 
upon the scientific criteria employed in laboratory investigations is 
combined a desire to learn the precise causes of behavior for the 
purpose of predicting and controlling human behavior in industry. The 
pioneers in industrial psychology are, after all, in most instances, just 
“plain” laboratory psychologists who started with an undirected thirst 
for knowledge and ended with an interest in improving the status of 
their fellow-men in industry. 

They perhaps believe that “the final test of the value of what is 
called science is its applicability.” They recall that “the practical 
needs of the astronomer to eliminate the personal equation from his 
observations led to the invention of the chronograph and the chrono- 
scope, and that without these two instruments modern psychology and 
physiology could not have achieved the results of the last SO years.” 
As psychologists they recognize that “the pure and the applied sciences 
advance in a single front,” and that “what retards the progress of 
one retards the progress of the other; what fosters one, fosters the 
other.” As investigators in the applied aspects of the science they 

*0 F. A. Kingsbury, op. cU., p. 6. 
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contend that “in the final analysis the progress of psychology, as 
of every other science, will be determined by the value and amount of 
its contributions to the advancement of the human race.” 

8» Ibid. 



V, THE RISE AND SCOPE 

OF INDUSTRIAL PSYCHOLOGY 


In early scattered experiments in laboratories of psychology and 
physiology are found indications of interest in problems of work which 
later led into the elaborate program of modern industrial psychology. 
In the work of Matey ^ and Mosso ® on bodily work and fatigue, be- 
fore the turn of the century, in that of loteyko * and Imbert * and 
others, during the first decade of the century, is found a recognition of 
one of the major problems of industrial psychology. Moreover, in these 
investigations techniques were developed which have been found of 
value in the industrial situation. The study of learning curves by 
Kraepelin,*^ at the beginning of the century, laid a basis for the analysis 
of such curves as an aid in the selection and training of workers. Of 
equal significance from the viewpoint of training in industry are the 
investigations of Bryan and Harter ® on progress in learning telegra- 
phy and of Book ’’ on psychological conditions in learning to operate a 
typewriter. An investigation to determine the psycho-physiological 
traits required for success in typewriting, started by Lahy * in 1905, 
represents a step in the direction of job analysis and vocational selec- 
tion. Preliminary experiments on the selection of street car operators 
were undertaken by the same investigator ® in 1908. The appearance 
in Germany, in 1907, of the Zeitschrift fur angewandte Psychologic, 
edited by Otto Lipmann and William Stern, is another indication of 
the direction of the wind. 
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A volume by Scott, published in 1911, represents a first essay in 
the application of the principles of psychology in inducing employees 
to increase the quantity and to improve the quality of their work; in 
recruiting employees; in selling by personal appeal, and in advertising. 
“The greatest business problems of our day,” wrote Scott,* ‘ “have to 
do with the personnel of industry, and the arts of guiding and infiuenc* 
ing men in the achievement of business aims. . . . The student who 
would like to learn the art of influencing men in business must begin 
with psychology, which is to this art what physics and chemistry are 
to engineering. ... It is the only science,” he adds, “that can give us 
any sound information about human nature.” With these as his 
premises, Scott undertakes to add to the material incentives recognized 
in the Taylor system a list of less tangible but equally potent non* 
financial incentives which make men work. This volume represents the 
first studied analysis of workers’ motives by one trained in the theories 
and procedures of psychology. 

THE CONTRIBUTION OF HUGO MUNSTERBERG 

In spite of these earlier indications of an interest in men at work, 
the problems and program of an industrial psychology were first 
systematically formulated by Hugo Miinsterberg, a German psycholo- 
gist, who, during the last years of his life, served as director of the 
Psychological Laboratory at Harvard University. Miinsterberg was a 
product of the Leipzig laboratory. Like Cattell he became dissatisfied 
very early with the orthodox experiments of the Wundtian school and 
developed an interest in the study of individual differences.*® With this 
he combined a desire to put the findings of the psychological laboratory 
to practical use. In a popular volume entitled On the Witness Stand *® 
he described the application of psychological principles in the detec- 
tion of crime. In another volume. Psychology and the Teacher,^* he 
compiled the psychological facts and principles useful in the class-room 
situation. Investigations in industry and a program for industrial psy- 
chology were first described by Miinsterberg during 1910-11 when 
lecturing as an exchange professor at the University of Beriin. The 
program was developed in detail in a volume *® published in Germany 
in' 1912 and in an American volume published during the following 
year.*® A further development of his points of view is found in a third 
text, Grundziige der Psychotechnik, which appeared in 1914. 

/ 
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Miinsterberg pointed out the importance of psychology in promot- 
ing the adjustment and efficiency of the worker in the industrial situa- 
tion, He indicated that in industry the psychologist can serve, first, by 
finding the men whose mental qualities make them best fitted for the 
work which they have to do; secondly, by determining the psychologi- 
cal conditions under which the greatest and most satisfactory output 
can be obtained from every man; and, in the third place, by producing 
most completely the influences on human minds which are desired in 
the interest of business. For the attainment of these objectives Miinster- 
berg outlined definite proposals involving the use of tests in the selec- 
tion of workers; the application of findings on learning in training 
industrial personnel; the study by psychological techniques of condi- 
tions of work, the motives of workers, factors producing fatigue, etc. 
He not only outlined the program, but cited results from his own in- 
vestigations on the selection of motormen, telephone operators, and 
ship’s officers to indicate the practicability of the methods which 
he recommended and the character of the results to be obtained from 
their application. 

In developing his program, Miinsterberg related it to Taylor’s pro- 
posals for scientific management and stressed the dependence of eco- 
nomic production in the factory upon the efficient use of its man power. 
Munsterberg did not neglect the social implications of the program 
which he had outlined. “We must not forget,” he writes, “that the in- 
cre^e of industrial efficiency by future psychological adaptation and 
by improvement of the psychophysical conditions is not only in the 
interest of the employers, but still more of the employees; their work- 
ing time can be reduced, their wages increased, their level of life 
raised. And above all, still more important than the naked commercial 
profit on both sides, is the cultural gain which will come to the total 
economic life of the nation, as soon as every one can be brought to 
the place where his best energies may be unfolded and his greatest per- 
sonal satisfaction secured. The economic experimental psychology of- 
fers no more inspiring idea than this adjustment of work and psyche 
by which mental dissatisfaction in the work, mental depression and 
discouragement, may be replaced in our social community by over- 
flowing joy and perfect inner harmony.” ” 

The publication of Miinsterberg’s program served as a stimulus for 
the initiation of investigations in the field of industrial psychology, 
both in the United States and Europe. It was from Europe, from the 
halls of the University of Leipzig, and from the mind of Wilhelm 
Wundt that the United States received its first impulse for an experi- 
mental psychology. In the New World a German psychologist, reacting 
to the stimulating forces of his environment, transformed this impulse 
and returned it to Europe in the form of a progreim for a newer appli- 
cation of the principles and theories which he had brought with him 

” Ibid., p. 308. 
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from the Old World. Europe, as well as America, recognizes Miinster- 
berg as the founder of applied psychology in industry. 

The development of industrial psychology since the time of Miinster- 
berg, who died in 1916, will be sketched only in broad outline, since 
many of the important investigations will be described in detail in the 
chapters which follow. This sketch will give a general picture of the 
major trends in the rise of industrial psychology as an aid in the evalu- 
ation and interpretation of more recent developments. Its rise can best 
be described separately for each of the countries which have made 
contributions in this field. Before proceeding to this description along 
national lines, however, it seems well to refer to one common influence, 
that of the World War, which affected the growth of industrial psy- 
chology throughout the entire world. 


THE EFFECT OF THE WORLD WAR 

Miinsterberg’s formulation of the program of industrial psychology 
appeared shortly before the opening of the World War. The impulse 
toward this new application, created by Miinsterberg, gained strength 
from the successful use of psychology in the selection and classifica- 
tion of army personnel by almost every nation engaged in the war. In 
England, for example,*** laboratory psychologists were called upon to 
devise and administer tests for aviation pilots,** aeronautical observ- 
ers, hydrophone operators, submarine “listeners-in,” and for many 
other military and naval tasks requiring special capacities. In Germany 
and France tests were also developed to aid in the assignment of men 
to range-finding, motor vehicle operation,** airplane observation ** and 
piloting,** and other specialized branches of the service. 

The entry of the United States into the war in 1917 brought with it 
the largest scale experiment in the use of psychological methods that 
has ever been attempted. Recommendations made by a Committee of 
the Psychological Association for the use of tests and allied psychologi- 
cal techniques in the classification of personnel were accepted by Army 
authorities.*® As a result, there were developed the well-known Army 
group tests, the Alpha for literates and the Beta for illiterates, applied 
to nearly two million men in the course of our participation in the 
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war.*^ Moreover, in the United States,^® as in European countries, 
investigations were conducted in the development of specialized tests 
for aviation and for other technical services. Such tests included not 
only measures of capacity, but a series of trade tests for measuring 
the proficiency of men considered for assignment to such skilled trades 
as carpentry, electrical work, tailoring, and to such semi-skilled oc- 
cupations as chauffeuring, etc. 

At the same time, during the period of the war, in many countries 
involved in the war, and in others, experiments on scientific selection 
for specialized occupations and on conditions of work were being car- 
ried on in civil life. The most significant developments in the rise of 
industrial psychology in each of these countries are indicated in the 
section which follows. 

THE RISE OF INDUSTRIAL PSYCHOLOGY IN THE UNITED STATES 

In the United States the growth of industrial psychology is largely 
the product of teachers and research workers attached to universities 
who have found in industry a laboratory as productive as the cloistered 
quarters of university halls. Scott, now president of Northwestern, 
Yoakum of Chicago, Poffenberger of Columbia, Burtt of Ohio State, 
Kornhauser of Chicago, and Moss of George Washington University, 
may be cited in illustration of this fact. Bingham, a pioneer in the ap- 
plication of psychology in industry, started his work as a member of 
a university staff and has maintained through summer schools his 
connection with universities. It may fairly be said that the major ac- 
complishments and the most important contributions have come from 
psychologists attached to universities who have specialized in industrial 
research. Unlike the engineer, the doctor, the pharmacist, and other 
technological practitioners, the industrial psychologist in the United 
States has tended to retain his university affiliations, possibly as a 
source of support or of inspiration, when undertaking practical research 
in industry. 

To these research workers in university centers has been added a 
select circle of industrial psychologists attached to individual industrial 
organizations and working exclusively upon the human problems of 
these organizations. Link, who is responsible for the first important 
major investigation and text on employment psychology,-® Shellow 
of The Milwaukee Electric Railway and Light Company and Pond of 
the Scoville Works are examples of industrial psychologists who are 
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working or have worked exclusivdy in laboratories established in the 
plants of individual firms. Industrie psychology in the United States, 
unlike that in Europe, has not been institutionalized. For this reason 
the story of its rise can be told in the description of the work of inde- 
pendent investigators which appears in chapters which follow. 

In the United States early experiments in the application of psy- 
chology in industry were limited to the development of selection tech- 
niques. Studies on tests for telephone operators by McComas *• 
(1914), for telegraphers by Jones *** (1915), the study of the interview 
as an aid in the selection of salesmen by Scott (1915), an investiga- 
tion on tests for typists and stenographers by Rogers (1917), mark 
the beginnings of industrial psychology in this country. The growth in 
subsequent years took the form of an extension of the use of psycho- 
logical tests and other objective techniques in selection for various oc- 
cupations, and of an enrichment of the content and methods of indus- 
trial psychology by investigations in the field of training, accident 
reduction, monotony, the analysis of methods of work, etc. However, 
the bulk of work in the United States has been done in the field of voca- 
tional selection. 

Progress in industrial psychology in the United States has been 
marked by the publication of a number of new journals. In the Journal 
oj Applied Psychology, established in 1917, have appeared many 
articles describing psychological studies in industry. In 1922 appeared 
the Journal oj Personnel Research (now the Personnel Journcd), the 
organ of the Personnel Research Federation, edited by Bingham, and 
devoted primarily to articles dealing with industrial personnel prob- 
lems. Industrial Psychology, a journal for the less technical description 
of psychological investigations, was started by Laird, of Colgate Uni- 
versity, in 1926, but ceased publication in 1928. Moreover, starting 
with a volume on Vocational Psychology by Hollingworth,*® published 
in 1916, and with Hollingworth and Poffenberger’s Applied Psychol- 
ogy, published in 1917, an increasing number of texts on various 
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aspects of industrial psychology gives evidence of its rapid growth 

Although the growth of industrial psychology in the United States 
has been largely the product of individual initiative, its development 
has been furthered by a few organizations established for co-operative 
research, for the co-ordination of studies, and for the exchange of in- 
formation in this field. The earliest of these represent an outgrowth of 
a Division of Applied Psychology established in 1915 at the Carnegie 
Institute of Technology, under the direction of W. V. Bingham.®® 
Within this division, later known as the Division oj Co-operative Re- 
search, developed a number of different types of organizations for 
conducting research in co-operation with business concerns. The 
Bureau 0 / Salesmanship Research, established in 1916 by 27 co- 
operating firms of national scope representing several types of in- 
dustry, was among the constituent co-operative research bureaus. 
Under the title of the Bureau of Personnel Research, assumed after 
the war, and under the leadership of W. D. Scott and later of C. S. 
Yoakum, it contributed much in the form of original research in the 
field of salesmanship. Another outgrowth of this Division of Applied 
Psychology was a Research Bureau for Retail Training, established 
in 1917, which, under the direction of J. B. Miner and J. B. Charters, 
co-operated with a group of retail stores in the development of tech- 
niques for the selection and training of salespeople, service employees, 
and minor store executives. In addition, surveys were made for in- 
dividual firms under the direction of the officers of the Division of 
Co-operative Research, In 1930 the Research Bureau for Retail Train- 
ing, which in approximately 1922 changed its affiliations to the Uni- 
versity of Pittsburgh, included 9 Pittsburgh members, 17 extension 
members, 8 members in the research and teaching staff, an office force, 
and 15 graduate students acting as research assistants.®^ 

These research organizations, supported largely by industrial firms, 
but working under the aegis of the Carnegie Institute of Technology, 
made an important contribution to the development of industrial psy- 
chology, particularly in the field of sales and executive selection and 
training. Many of the men who were associated with the Division 
in its hey day at the Carnegie Institute have maintained their interest 
in industrial psychology and have made important additions to its 
content and methods as independent investigators or as members of 
staffs of other universities. 

The Psychological Corporation, organized in 1921, for the ‘‘advance- 
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ment of psychology and the promotion of useful applications of psy- 
chology” ** represents another organization serving to promote 
industrial psychology. The Psychological Corporation is an associa- 
tion of psychologists who by the purchase of stock become members 
of the Corporation. The Corporation is intended to act as a clearing 
house between the general public and psychologists capable of render- 
ing service in specialized fields. At the time of its organization it was 
not proposed that the Corporation make individual examinations, en- 
gage in industrial management or in research for individual firms. 
Industrial firms desiring to have psychological investigations are re- 
ferred by the officers of the Corporation to existing laboratories and 
competent psychologists whose work can be recommended as scientific 
and sound. A proportion of the fees obtained by psychologists working 
upon investigations obtained through the Psychological Corporation is 
returned to the Corporation to pay its overhead costs. The Psychologi- 
cal Corporation, being a non-profit making organization, is expected 
to devote any surplus obtained in this way to research on basic prob- 
lems in the field of applied psychology. 

The Psychological Corporation has headquarters in New York, 
under the direction of Achilles, with Link and others as his co-workers. 
Individual psychologists are appointed as branch officers throughout 
the country. In its central headquarters the Psychological Corporation 
has been primarily active in conducting individual examinations for 
the purpose of vocational guidance and in promoting, in a general 
way, the application of psychology in guidance and in industry. More 
recently the central office has extended its activities to include the 
sale of testing material and investigations in the field of merchan- 
dizing. 

Perhaps the most active of the organizations for the co-ordination 
of research is the Personnel Research Federation, organized in 1922 
under the leadership of Bingham, through the co-operative efforts of 
the National Research Council, the Engineering Foundation, and the 
American Federation of Labor. It respresents a voluntary organiza- 
tion of executives, personnel workers, psychologists, and others in- 
terested in the scientific study of personnel problems in industry and 
in the school. It has conducted a few research investigations, the most 
notable of which is a study of accident-prone drivers.*® However, the 
chief contribution of the Federation has been in promoting exchange 
of information among workers in the field and in making public, 
through the Personnel Journal and in its meetings, current research 
in the field of industrial psychology and of personnel adjustment. 

Shortly after the war (1919) there was organized in Philadelphia 



48 


industrial psychology 


the Scott Company, a private organization specializing in the person- 
nel problems of industry. Its work was discontinued in 1923. There 
have been two or three other attempts to set up private corporations 
for the promotion of psychological work in industry, but these, in some 
instances by reason of the unsound premise on which they were es- 
tablished, have been unsuccessful. 


THE RISE OF INDUSTRIAL PSYCHOLOGY IN EUROPE 

England 

In England, the first systematic attack on the problems of human 
efficiency and welfare in industry developed out of the organization, 
in 1915, of a Health of Munition Workers Committee to find methods 
of increasing output and decreasing lost time and fatigue on the part of 
workers in industrial plants. This was replaced in 1918 by the In- 
dustrial Fatigue Research Board (later renamed the Industrial Health 
Research Board) established under the joint auspices of the Depart- 
ment of Scientific Industrial Research and the Medical Research 
Council*^ It was the function of this government board “to under- 
take to promote better knowledge of the relation of hours of labor 
and other conditions of employment, including methods of work, func- 
tions of the human body, having regard both to the preservation of 
health among the workers and industrial efficiency; and to advise the 
Council upon the best means of securing the fullest application of the 
results of this research work to the needs of industry.” 

Financial support was withdrawn from the Board in 1921 but, in 
spite of the economic condition of the country, vigorous protest was 
raised in so many quarters that the Board was reinstated with a 
smaller staff directly under the supervision of the Medical Research 
Council. The activities of the Industrial Fatigue Research Board have 
been in the nature of broad surveys of such very diverse subjects 
as the comparison of different systems of shifts, the effect of rest 
pauses, the influence of atmospheric conditions, the analysis of in- 
dividual differences in efficiency, time study, the investigation of causes 
of accidents, etc. These studies have been characterized by high quali- 
ties of workmanship in the form of careful experimental control sup- 
plemented by a very cautious interpretation of obtained data. The 
policy of the Board is to investigate general problems common to all 
industries rather than to study the needs and problems of a single 
firm. 

In order to investigate problems for individual firms there was 
organized, in 1921, a National Institute of Industrial Psychology, 
under the leadership of C. S. Myers, the distinguished director of the 
Psychological Laboratory of Cambridge University. The work of this 

**C. S. Myers, Industrial Psychology in Great Britain, London, 192S, pp. 11-18, 



THE RISE AND SCOPE 


49 


Institute is supported by grants from firms and from private individu- 
als and, in part, by charges made to industrial firms in whose behalf 
investigations are undertaken. The object of the Institute is not only 
to carry on investigations at the request of individual industries, but 
to train and promote the training of investigators in industrial psy- 
chology throughout the country, and to promote basic research in this 
field. The National Institute has from time to time received grants 
from the Carnegie United Kingdom Trust and from other foundations 
as an aid in its work. 

The investigations directed by the Institute, like those of the In- 
dustrial Health Research Board, have been diverse in character — 
ranging from the selection of workers for the dressmaking industry to 
the improvement of the lamps worn by miners in the coal regions of 
England. Further reference to these studies will be made in the body 
of this text. The investigations of the Institute, as well as other de- 
velopments in the field of industrial psychology, are described in the 
Journal of the National Institute of Industrial Psychology, a publica- 
tion started in 1922. (Recently renamed The Human Factor.) 

An interesting feature of the work of the Board and of the Institute 
is the frequent (unofficial) interchange of investigators and joint in- 
vestigation of problems. 

The National Institute of Industrial Psychology has the support 
not only of industrialists throughout Great Britain, but that of the 
heads of psychological, physiological, and educational departments of 
universities throughout the country. Both the Industrial Health Re- 
search Board and the National Institute of Industrial Psychology are 
in the habit of “farming out” to university psychological laboratories 
problems which do not lend themselves readily to detailed factory in- 
vestigations or upon which preliminary work must be done under the 
more standard conditions of the laboratory. 

The work of these centralized bodies is supplemented to some extent 
by investigations conducted independently by university men. In ad- 
dition, a few business firms have established psychological research 
departments of their own. However, in general, the rise and develop- 
ment of industrial psychology in Great Britain are very closely associ- 
ated with the activities of the two organizations which have been 
described above. 


Germany 

In Germany, individual plants and public and private institutes have 
combined to expedite the growth of industrial psychology. Soon after 
Moede ** and Piorkowski started their investigations on the selection 
of chauffeurs for the Army, in 1916, 14 centers were engaged in 
work upon this problem in Germany, some interested solely in civilian 
W. Moede, op. cU, 
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application. In 1917 a laboratory was established in Dresden by the 
Saxon Railway Company for the selection of locomotive engineers 
and of other employees. In the same year, under the direction of Hei- 
landt,^^ The AEG (General Electric Company) of Germany under- 
took to use tests in the examination of machinists’ apprentices. Early 
in 1918, the Greater Berlin Tramways began investigations on the 
selection of motormen and for years its psychological laboratory was 
among the best equipped and best organized in Germany. 

After the war Uiere came a renewed interest in the application of 
psychology in business which resulted in the establishment of numerous 
psychological institutes and in the organization of psychological labora- 
tories by private firms. In July, 1922, 22 large concerns in Germany 
possessed their own psychological laboratories. * In 1926 there were 
listed over 100 firms which were applying psychological methods in 
selection.^® These included Krupp, Essen and Kiel; Carl Zeiss, Jena; 
Allgemeine Elektrizitatsgesellschaft, Berlin ; Auerlichtgesellsdiaf t ; 
Osram-Werke, Siemens Company; Loewe Company; Greater Berlin 
Tramways; and others. Psychological laboratories, subventioned by 
the state, have been opened in connection with the administrative of- 
fices of the railways in Dresden, Frankfort, Mannheim, and Cologne, 
as well as in Berlin. In addition, in other governmental departments, 
such as the post office and telephone service, psychologic^ research 
departments have been organized. 

Institutes for the industrial application of psychology are to be 
found in all of the larger cities in Germany. The Institut fur Arbeits- 
physiologic, Kaiscr-Wilhelm-Gcsellschaft,^^ was established in 1916 
in Berlin, for the express purpose of examining the physical and 
psycho-physiological factors affecting human performance in industry. 
Under the direction of Atzler it has become one of the leading research 
stations in the world for investigating energy consumption required 
for different kinds of work.^® In 1918, the Psychotechnical Institute 
of the Charlottenburg Technische Hochschule was founded by Moede 
to collaborate with industrial establishments in the selection of em- 
ployees. In the same year the Berlin Institute for Applied Psychology 
was amalgamated with the Institute of Industrial Psychology, es- 
tablished in 1916, and, under the direction of Lipmann, continues to 
promote research in every phase of industrial psychology. In 1919, 
Giese established in Halle an Institute of Practical Psychology. Among 
strictly private business organizations is the Orga Institute, established 
by Piorkowski, for the distribution and administration of industrial 
tests. In Munich, Dresden, Mannheim, Hamburg, Hanover, and else- 
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where are found other institutes. Some are attached to universities or 
technical schools; others are supported by the contributions of indi- 
vidual firms. All co-operate with industry, and even firms possessing 
their own psychological laboratories avail themselves of the services 
of these institutes. In addition, the psychological laboratories in uni- 
versities are doing research work in the application of the science to 
commerce and industry. 

Germany has a number of journals devoted to industrial psychology. 
The Zeitsckrift fur angewandte Psychologic continues to publish 
articles in this field. To this, in 1918, Lipmann and Stern added a sup- 
plement in the form of Schrijten zur Psychologic dcr Bcrufscignung 
und dcs Wirtschaftslcbcns. In 1919, Moede started to publish Prak- 
tischc Psychologic, replaced, in 1923, by Industrielle Psychotcchnik. 
This was followed, in 1926, by the publication of Psychotcchnischc 
Zeitschrift, edited by Rupp. 

From small beginnings has grown this enormous structure of re- 
search and application of psychology in selection, training, time study, 
motion study, the analysis of monotony, the study of fatigue, the ef- 
fects of ventilation, — including investigations on every condition which 
may influence the happiness and production of workers. The economic 
motives have been in the ascendancy, particularly in the work of 
Moede and Fiorkowski, but under the influence of Lipmann, Stern, 
and Rupp the responsibility for the welfare of the worker has not been 
overlooked. 


Russia 

In Russia, tremendous strides have been taken in the development 
of industrial psychology. The viewpoint underlying this progress was 
well expressed by Bechterew in an address delivered at the first pan- 
Russian Congress on the organization of work. “In a socialistic state 
the rationalization and scientific organization of work,” he declared, 
“must be based upon the fundamental principle that the maximum of 
productive work can only be procured by fully protecting the health of 
the workers and by guaranteeing the complete development of their 
personalities.” 

In 1920 there was established in Moscow, under the leadership of 
Gastev, a Central Institute of Labor. In 1927 this was one of more than 
60 centers devoted to the scientific investigation of production and 
allied problems.^^ In 1931 the Central Institute alone was reported to 
have one thousand branches throughout Russia.'** 

The early work of this Central Institute of Labor was characterized 
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by a somewhat ordinal approach.** Instead of undertaking to investi- 
gate a variety of problems, or to study one profession in its entirety, 
the Institute limited itself to a thorough analysis of two elements of 
work common to many occupations — the use of the hammer and the 
file. These operations were investigated in all their aspects in the seven 
laboratories constituting the Institute. Photographic studies were made 
of the movements involved in these operations. The tools were carefully 
studied. An investigation was made of the physiological changes and 
psychological effects of work with these tools. Scientific training sys- 
tems were elaborated and, finally, studies made of the social factors in- 
ffuencing group activity on these operations. More recently the Insti- 
tute has applied its specialized methods of analysis to bricklaying and 
the textile industry. 

The Central Institute at Moscow has become much interested in the 
techniques of the Taylor System, and has tried to adapt them to increase 
production without entailing the harmful effects which followed an un- 
wise administration of the system in the United States and elsewhere.** 

Among the outstanding centers for the scientific study of work are 
the Institute of Labor in Charkow and the Institute for the Scientific 
Organization of Work in Kasan. Among the leading spirits in the pro- 
motion of this work are Spielrein, Hellerstein, and Kraval. Methods of 
work, conditions of work, fatigue, and similar problems at first engaged 
the attention of these, as well as of the Central Institute in Moscow. 
The primary concern with such problems, in contrast with those of se- 
lection, was evident at the first pan-Russian Congress on the organiza- 
tion of work in 1921 and at the one which followed in 1924.®^ At the 
same time consideration has been given to selection problems. As early 
as August, 1922, there was established in Moscow a Laboratory of In- 
dustry Psychology which has undertaken investigations in the field of 
job analysis and vocational selection. Similar studies have been made 
in the applied branch of the Neurological Institute of the University of 
Moscow, and in other centers. The nature of developments in this field 
is perhaps illustrated in a report by Tramm,®* following a visit to 
Russia in 1931, that in none of the German street railways is there a 
psychotechnical laboratory as large or as well fitted as that of the 
Transport Technopsychological Institute in Moscow. Twenty psycho- 
technicians, 15 doctors, and 80 government officials are employed in 
this institute which is governed by a council of : a.-trade union officials, 
b.-representatives of the railways, c.-representatives of the Central 
Laboratory for Research into the Occupational Diseases of Railway- 
men. Twelve railroads have laboratories controlled by this institute. 


L. G. Walther, op. cit., pp. 56, 57. 

*0 G. W. Hartmann, op. cit., pp. 3S2-S4. 
W. Weber, op. cit., p. 367. 

K. A. Tramm, op. cit., p. 283. 
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The techniques employed here appear to be similar to those used in 
Germany and in the United States. 

In general Russia has followed German and American influences, 
particularly in early investigations. However, more recently investiga- 
tors have started to formulate theories and methods of their own, 
presumably better adapted to their problems. Interest in the work is 
reflected in the recent organization of an association of all Soviet Tech- 
nopsychologists and in the publication since 1928 of a journal. Techno- 
psychology and Psychophysiology of Labor}^ 


The Rise of Industrial Psychology in Other Countries 

Only brief mention will be made of developments in industrial psy- 
chology in other countries. Practically none of the European or Asiatic 
countries have remained untouched by the surge of interest in the study 
of human work from the psychological point of view. “The problem of 
the worker is the order of the day in every country.” In Switzerland, 
Claparede and Bovet, of the Institut J. J. Rousseau, of Geneva, have 
long been active supporters of an industrial psychology. It was under 
their leadership that there was first convened in Geneva, in 1920, an in- 
ternational congress of applied psychology, devoted to a consideration 
of problems of vocational guidance and selection. From this institute 
appeared, in 1926, the first volume in French devoted specifically to the 
application of psychology in industry.®® A psychotechnical institute, 
established in Zurich in 1922, under the direction of Suter, has occu- 
pied itself with selection for industrial and commercial establishments, 
training, and, to some extent, with the analysis of conditions of work.®* 

A section of the Masaryk Academy of Labour, an institute founded 
in Czecho-Slovakia in 1920 for the rationalization of methods of work, 
is given over to the investigation of psychological problems. Psycholog- 
ical laboratories have also been established by individual firms and by 
local communities. 

In Holland, Belgium,®^ Poland, Italy, Spain, Austria, etc., the de- 
velopment of industrial psychology, both chronologically and from the 
standpoint of organization, has followed lines similar to those indicated 
in detail for Germany. In the main, the burden of promoting industrial 
psychology has been carried by institutes of applied psychology — 
psychotechnical institutes. In some instances they are completely sup- 


Anon., ^'Industrial Psychology in Russia,” J. Nat. Inst. 2nd. Psy., 5 (1930)/pp. 221-22. 
L. G. Walther, op. cit., p. 60. 

L. G. Walther, op. cit. 

A. Garrard, “Organization scientifique du Travail au point de vue psychotechniquc,” 
Memoires du Congres International de VOrganization Scientifique du Travail, Bruxelles, 
1925, p. 30. 

A. G. Christaens, “Vocational Guidance and Selection in Belgium,” Pers, J., 9 (1930), 
pp. 322-26. 
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ported by the government, in other instances by local communities, in 
still others by contributions from industrialists, labor unions, and from 
those they serve. In addition to the institutes there are psychologic^ 
laboratories supported by individual firms — although they are few in 
number outside of Germany. On the secondary line are the university 
laboratories, working in most instances on basic problems generally 
applicable in the control of human behavior in industry. 

The growth of industrial psychology is not limited to the Occident. 
In Japan agencies for the application of psychology in industry include 
semi-private agencies and governmental bureaus.®* Among the former 
is an Institute of Industrial Efficiency, established in 1921. Psychologi- 
cal laboratories form part of the government telegraph and telephone 
departments. In a laboratory of applied psychology, attached to the 
Imperial University of Tokio, investigations are b^eing conducted on 
selection for the Army and Navy, as well as on other problems of prac- 
tical psychology. 

INTESKATIONAL CONGRESSES 

In this discussion of the rise of industrial psychology it is perhaps 
well to point to the development of an international clearing house for 
applied psychology which grew out of the meeting called in Geneva by 
Claparede and Bovet in 1920. This first international conference was 
followed by a Second International Conference of Psychology Applied 
to Vocational Guidance and to the Scientific Organization of Work in 
Barcelona in 1921. As the title of the conference indicates, industrial 
problems were given a definite place at this meeting. At a third con- 
ference, held in 1922 in Milan, the question of job analysis, the role 
of physiology and psychology in the prevention of accidents, and prob- 
lems of Taylorism were discussed. These early conferences have led to 
the organization of an International Congress of Psychotechnology 
which, since 1924, has met in various European cities, the most recent 
meeting being held in Moscow in the fall of 1931. The increasing at- 
tendance at this congress, and the appearance of papers on industrial 
psychology at the tri-annual meetings of the International Congress of 
Psychology reflect the growing interest in this application of psy- 
chology. 

SCOPE OF INDUSTRIAL PSYCHOLOGY 

The application of psychology in industry involves inquiries into 
four kinds of relationships: ®* 

A. Yenjiro, “Angewandte Psychologic im Japan,” Psychol, Z., 2 (1927), pp. 29-33. 

W. V. Bingham, “Industrial Psychology, Proceedings of the 1928 Cambridge Congress 
of the International Industrial Relations Association,” Reprint and Circular Series, Pers. 
Res. Fed., 15 (1928), pp. 27. 
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1. Relations between the worker and his work, 

2. Relations between the worker and his immediate supervisor, 

3. Relations between the worker and management. 

4. Relations between the worker and his fellow-workers. 

The objective of industrial psychology is to acquire better under- 
standing and control of these relationships. The specific procedures em- 
ployed in the attainment of this objective include: 

1. Study of the requirements of occupations. 

2. Development and use of tests and other refined techniques in the 
scientific placement of workers. 

3. Formulation of the best methods of applying human energy. 

4. Organization and systematization of training programs to insure the 
most complete development and most efficient use of individual 
ability. 

5. Determination of the optimal conditions of work. 

6. Analysis of characteristics of industrial organization for the determi- 
nation of types best adapted to serve both the economic and social, 
and broadly human objectives of industrial organization. 

7. Examination and control of motivating forces, in the case of both 
workers and management, which influence harmonious relationships 
in the industrial situation. 

The field charted for exploration by industrial psychology is some- 
what the same for all of the countries to which reference has been made 
in the preceding section. However, there are differences among them 
with respect to the sectors which have been selected for immediate ex- 
ploration. These differences will be treated in somewhat greater detail 
in chapters which follow, but it may be well to summarize the general 
trends. 

The application of psychology in the United States has been largely 
in the study of job requirements, in vocational selection, and in mer- 
chandizing. There are also occasional contributions in training, in meas- 
uring industrial fatigue, in studying workers’ incentives, in determining 
best methods and best conditions of work, etc.®® On the whole the latter 
applications have been considered in the field of the efficiency engineer. 
Enroachment upon this field has been frowned upon both by efficiency 
engineers and by psychologists. 

Foreign psychologists, on the other hand, concern themselves more 
broadly with all factors which may influence the efficiency of ijian in in- 
dustry. Foreign technical journals are filled with articles dealing with 
the responsibility and accomplishments of psychology in the field of 
motion study, the lay-out of equipment, the measurement of industrial 

®®M. S. Vitcles, “PsycholoKy in Business — ^in England, France and Germany,” Ann. Am. 
Acad. Pol. Soc Sci., 110 (1923), pp. 207-220. A. W. Kornhauscr, “Industrial Psychology 
in England, Germany and the United States,” Pers. J., 8 (1929), pp. 421-434. 
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fatigue, etc. At the same time there are differences even among the 
European countries with respect to the attention which has been 
given to each of the procedures employed by industrial psychology. In 
England, at the time of the organization of the Industrial Fatigue 
Research Board and of the National Institute of Industrial Psychology, 
investigations were largely centered on the best methods of applying 
human energy, the determination of best conditions of work, and on 
studying the relations between management and labor. These have 
more recently been supplemented by an increasing number of studies 
in vocational selection. In Germany, on the other hand, the emphasis in 
the early days of industrial psychology was, as in the United States, 
on the development of selection tests, and Germany quickly became the 
leader in the extent of application of such tests. More recently, how- 
ever, interests have become more catholic and there is an increasing 
number of reports on other problems. With the exchange of information 
and points of view among countries, and as more intimate relation- 
ships are established among investigators in different countries, there 
will probably develop a growing uniformity of interest and accomplish- 
ments in the diverse fields of activity of industrial psychology. 



VI. THE NATURE AND DISTRIBUTION 
OF INDIVIDUAL DIFFERENCES 


The application of psychology in industry is associated with an in- 
creasing knowledge of individual make-up. This knowledge has, in the 
main, been obtained from a comparison of many individuals to deter- 
mine the nature and extent of resemblances and differences among them. 
Such investigations have furnished prolific data of extreme significance 
not only for industry, but for the school, the Church, and for other 
social institutions. Starting with the work of Gallon and gaining im- 
petus from the direct action of Cattell, the study of individual differ- 
ences has, in the first place, centered the attention of the psychologist 
upon the significance of such differences, and secondly, has led to the 
formulation of general laws concerning the nature, range, and origin of 
such differences which are basic to the application of psychology in in- 
dividual adjustment. 

Numerous examples can be furnished of the ubiquity of individual 
differences. Many studies have shown that the dwarf and the giant are 
merely the extremes of a very wide range in physical stature. The lay- 
man’s observation of differences between the idiot and the genius has 
been supplemented by many scientific studies on variability in intellec- 
tual capacity. The measurement of reaction time to the thousandth of a 
second has confirmed the distinction between individuals loosely de- 
scribed as “slow as molasses” and “fast as lightning” by their asso- 
ciates. The common recognition that certain individuals are “slow m 
learning” and others “fast in learning” is likewise substantiated by 
findings on wide differences in the rate of learning in random samplings 
of school children. 

The existence of such differences has probably always been recog- 
nized.^ “Wherever individuals come into close proximity it was inevita- 
ble that certain differences among them would be recognized.” How- 
ever, it is only within recent years that the traits involved have been 
precisely measured. Accurate measurement has revealed the n^agnitude 
of these differences and has also made possible a substitution of exact 
definitions and objective descriptions for the vague, unsubstantial, in- 
accurate concepts characteristic of the pre-scientific era in the study of 
human behavior. 

The significance of individual differences in the application of psy- 



58 


INDUSTRIAL PSYCHOLOGY 


chology in industry has been briefly referred to in Chapter IV. The 
science of industrijd psychology is largely a study of the ways in which 
individuals differ, and a knowledge of the general principles of individ- 
ual differences is essential for the comprehension of its diverse applica- 
tions and findings. In the selection of workers, for example, the chief 
consideration is the variation among applicants in the capacity for 
performing the work for which choice is to be made. “The profits from 
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Figure 2. Average Annual Earnings of Taxicab Drivers 
{From an Unpublished Study by the Author) 

conducting an industry may be very materially affected by choosing the 
workers from one or another part of the distribution of the aptitude in 
question. In many industries the same amount of floor space, tools, 
machines, etc., are required by a man from the lowest 5 per cent as by 
a man from the highest 5 per cent of the distribution of the particular 
ability involved. Men chosen from the highest 5 per cent may produce 
from two to three times as much per unit of overhead cost as men from 
the opposite extreme of ability.” ® 

An excellent example of this is to be found in the taxicab industry. 
Each driver is furnished a cab with a value of approximately $2000. 
The driver is allowed complete freedom with respect to the territory to 


* C. L. Hull, Aptitude Testing. Yonkers, N. Y., 1928, p. 36. 
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be covered, etc. Every driver has at his disposal a centralized telephone 
system with which he can communicate from numerous “stands” scat- 
tered around the city. There is, in other words, a constant overhead 
e^ense which is the same for every driver regardless of the value of 
his gross receipts or net earnings. Supplied with uniform equipment and 
working under uniform conditions in the same territory, some drivers 


YEARLY EARNINGS 
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$1,626.74 


$1,069.91 


Median 


1,605.37 


1,147.79 


Mean Variation 


76.15 


52.60 



(After Viteles) 


find it possible to do a business of approximately $6000.00 a year and 
to earn thereby net commissions of approximately $2000.00. With ex- 
actly the same working conditions, other drivers can do a gross yearly 
business of only $3000.00, with a net earning of approximately 
$ 1000 . 00 . 

The distribution of earnings ® from March 1, 1925, to February 1, 
1926, of 80 drivers, including approximately the best 25 per cent and 
poorest 25 per cent of drivers hired during 1924 in the service of a 
large eastern taxicab company, are shown in Table 2. Average earnings 
of the same group are shown in Figure 2. The average gross annual 
return per shift for each cab operated by the best drivers is close to 
$5000.00, whereas that of the poorest drivers is slightly more than 
$3000.00. In manufacturing plants such differences in gross returns are 
somewhat compensated for by a decrease in the amount of material, 
power, and other items employed by the worker whose earnings, on a 


* From an unpublished study by the author. 
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pri^uction basis, are low. In the case of the drivers included in this 
study, the ^rest ones were found to cover a somewhat greater pro- 
portion of dead miles, involving a greater consumption of gasoW 



Figure 3. Average Datty Output oj Four Bottom Scourers 
{After Loveday and Munro) 


and more wear ^d tear on tires and equipment, than those with the 
higher earnings. They were also involved in more accidents. In ad^! 
Uon, larger ^penditures for compensation and health insurance more 
visits to the Medical Department contributed to taSe“S 
tiler the per capita overhead cost to the operating company for drivers 

whose gross receipts and net earnings were low. w orivers 
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The magnitude of differences in productivity is also strikingly illus- 
trated in the comparison of average daily production of four bottom 
scourers in the shoe industry in Figure 3, which shows the production of 
the better operative, suited to the job, to be consistently twice that of 
the unsuitable worker. A study of the weaving industry furnishes an- 
other illustration of the extent of individual dfferences in productive 
capacity and their significance. In this study * the “total number of 
yards of cloth produced from the warp was measured, and from this 
number, a knowledge of the cloth, of the time taken for weaving the 
cloth, the average rate of production in picks per minute was obtained. 
This number, expressed as a fraction of the speed of the loom, also meas- 
ured in picks ° per minute, gave the percentage efficiency for the warp.” 
Table 3 shows the rate of production of warps on the same kind of 
cloth, “a plain cloth made from a raw silk warp with 112 double ends of 
silk per inch, shot with 72 threads per inch of a high grade highly 
twisted cotton weft of medium counts. . . . From this table will be 
clearly seen the huge variations in the rates of production of individual 
warps met with in practice. These variations range from a rate of 62 
picks per minute, representing an efficiency of 43 per cent, to 130 picks 
per minute, representing 90 per cent efficiency. Another way of em- 
phasizing this difference is to point out that while it took 318 hours to 
weave the former warp it took only 146 hours to weave the latter. The 
first weaver’s hourly earnings were less than one half of the second 
weaver’s, and from the employer’s standpoint the second loom earned 
over twice as much profit as the first, and also more than twice the sum 
to meet the overhead charges in the same time.” 

The significance of such differences, from the viewpoint of selection, 
grows out of the possibility of choosing workers from the upper range 

TABLE 3 


Rates of Production on the Same Kind of Cloth 


FES MINUTE 

NO. OF WARPS 

PICKS FES MINUTE 

NO. OF WARPS 

SS-64 

1 

95-104 

63 

65-74 

5 

105-114 

45 

75-84 

21 

115-124 

37 

85-94 

57 

125-134 

6 


(After Elton) 



of capacity and eliminating those in the lower ranges as a wdy of in- 
creasing individual efficiency and adjustment in the industrial plant. The 
importance of forecasting, at the time of employment, the final level 

* P. M. Elton, *‘An Analysis of the Individual Differences in the Output of Silk Weavers,” 
Ind. Fat. Res. Bd. Report, No. 17, (1922), pp. 8 
® Every time the shuttle is thrown across the loom, a thread is left in the warp shed: 
the action of the loom in throwing the shuttle is spoken of as picking, and each thread left 
by the shuttle as a pick. 
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o‘f proficiency has been brought out in an investigation, by Bingham,* 
of a group of women engaged in tending machines which wind paper in- 
sulations on strands of copper wire. Workers are guaranteed a minimum 
rate of 38^ per hour from the beginning although services are not worth 
this minimum during the training period. The difference between actual 
earnings and guaranteed earnings during training constitutes a deficit 
which amounts to approximately $40.00 or $50.00 per employee. The 
interest and overhead on machines operated by girls amounts to about 
$2.25 an hour. 

“Between a new operator who proves to be barely able to earn her 
way eventually and stay on the job, and one who finally attains to the 
upper quartile in proficiency, the difference in cost to the firm during a 
period of thirty-six weeks was found to be $390. This means that the 
employment interviewer, by selecting an applicant who will be among 
the best 25 per cent of those engaged on this job as compared with one 
who is barely able to succeed, saves the firm his own salary for a 
month.” 

The influence of individual differences is not confined to selection; 
it plays an important part in the prevention of accidents, in the develop- 
ment of training programs, in avoiding the problem of monotony, and 
in every other aspect of industrial life. An analysis of any problem of 
human behavior in industry leads to a consideration of individual dif- 
ferences and raises the questions of how individuals differ, why they 
differ, and the significance of such differences in daily accomplishment. 
The chief purpose of this chapter is to present an abstract of the most 
important findings relative to these questions as a background for the 
detailed description of the application of psychology in industry to be 
included in the chapters which follow. 

RANGE OF DIFFERENCES 

The first question to be raised in the consideration of how people 
differ is the magnitude of such differences, that is, the amount of differ- 
ence between the most superior and the most inferior individual with 
respect to any trait. The significance of a difference vari^ with the total 
range of difference. A difference in 10 units per hour in production 
may have little significance if the range of production is from 150 units 
per hour on the part of the worst worker to 400 units per hour on the 
part of the best worker. The same difference of 10 units becomes ex- 
tremely important from the viewpoint of efficiency if the total range of 
difference is from 60 for the worst to 85 for the best worker. 

In so far as the magnitude of difference is concerned, the figures on 
earnings in Table 2 show the yearly earnings of the best driver to be 
approximately twice those of the worst. The ratio of performance be- 
tween the best and the worst in the case of weaving is also approxi- 
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mately 2 to 1. The range and extreme measures of individual perform- 
ance in available psychophysical and mental tests have been studied by 
Wechsler.'' From the results of his investigation he concludes that “the 
limits of most human traits, when measured in comparable units and 
from true zero points, may be approximately expressed by the ratio of 
2: 1”; that, in other words, the most superior individual on any mental 
trait or performance possesses capacity that is only twice that of the 
most inferior member of a “normal” group, that “the most efficient in- 
dividual does not produce more than twice as much as the least effi- 
cient.” 

Further evidence on the magnitude of differences between the best 
and the worst individuals is furnished by Hull ^ from an unpublished 
study by Limp. The latter gave 34 standard psychological tests of the 
group type to 107 first year high school students. The presence of zero 

TABLE 4 

Showing the Relation of the Poorest Performance to the Best Perform- 
ance of 107 Ninth Year Pupils. {Data furnished by Charles E. Lamp) 

RATIO OF 


NATURE OF TEST 

AUTHOR OF TEST LOWEST 

HIGHEST 

LOWEST TO 



SCORE 

SCORE 

HIGHEST 

Information 

Terman (group) 

1 

19 

1:19 

Analogies 

u u 

3 

17 

1:5.7 

Classification 

C( (( 

7 

17 

1:2.4 

Motor reaction 

Hoke (shorthand) 

27 

90 

1:3.3 

Speed of writing 

t( it 

14 

73 

1:5.2 

Quality of writing 

U it 

30 

90 

1:3 

Speed of reading 

ii H 

20 

68 

1:3.4 

Immediate memory 

it it 

15 

88 

1:5.8 

Spelling 

ti u 

8 

60 

1:7.6 

Symbols-speed 

U it 

14 

75 

1:5.6 

Speed of decision 

Downey (group) 

2 

10 

1:5 

Freedom from load 

a a 

2 

20 

1:10 

Motor inhibition 

it it 

1 

10 

1:10 

Volitional perseveration 

U it 

3 

16 

1:5.3 

Interest in detail 

it it 

2 

10 

1:5 

Self-confidence 

a a 

1 

10 

1:10 

Easy directions 

Woodworth & Wells 

4 

20 

1:5 

Cancellation (A-test) 


37 

82 

1:2.2 

Vocabulary 


4 

34 

' 1:8.5 

Dotting squares 

Henmon 

(After Hull) 

40 

138 

1:3.4 


^ D. Wechsler, “The Range of Human Capacities,” The Scientific Monthly, 31 (1930), pp. 
39. 

■ C. L. Hull, op. dt., p. 33. 



64 


INDUSTRIAL PSYCHOLOGY 


scores makes it ia^)ossible to secure meaningful ratios for 13 of these 
tests. In the reminder (Table 4) it is found that at one extreme the 
best person obtains a score 2.2 times that of the worst, while at the op- 
posite extreme the best person scored 19 times as high as the poorest. 
The middle ratio of Limp’s results shows the best person making a score 
5.2 times as large as the poorest. 

Hull has also assembled from various sources distributions showing 
the extremes of efficiency of persons actually engaged in gmnful occu- 
pations (Table 5). At one extreme, in the case of heel trimming, the 
best worker is shown to produce only 1.4 times as much as ffie poorest, 
whereas in the case of pralishing sp>oons the ratio of the best to the poor- 
est is 5.1 to 1. The middle ratio is 2 to 1. 

In the case of practically every illustration included in this discussion 
of the extent of differences in human capacity there has been some se- 
lection of cases. Individuals rating lowest in the traits measured by 
tests in Limp’s study, for example, would not be found in the first year 
of the high school. In the same way, the fact that extremely poor work- 

TABLE 5 

Showing the Ratio of the Least Efficient to the Most Efficient 
Actually Engaged in a Variety of Gainful Occupations 




RATIO OF 

CRITERION POOREST TO 

SOURCE 

VOCATION 

BEST WORKER 

Loveday and Munro 

Heel trimming (shoes) 

No. pairs per day 

1:1.4 

Elton 

Loom operation (silk) 

Per cent of time 
loom kept in oper- 
ation 

1:1.5 

Pollock 

Hosiery maters 

Hourly piecework 
earnings 

1:1.9 

Wyatt 

Loom operation (fancy 
cotton) 

Earnings 

1:2 

Loveday and Munro 

Bottom scouring ( shoes ) 

No. pairs per day 

1:2 

Pollock 

Knitting-machine oper- 
ators 

Pounds of women’s 
hose per hour 

1:2.2 

Scott and Clothier 

Office boys 

Weekly salary 

1:2.3 

Hertzberg and Thiel 

Elementary teachers * 

Ratings of superiors 

1:2.5 

Farmer 

Polishing spoons 

(After Hull) 

Time per 36 spoons 

1:5.1 


ers are not continued in employment tends to prevent the incidence of 
extremely low scores among those engaged at work. This factor tends 
to decrease the range between the poorest and best — to reduce the 
ratio of efficiency between the extremes of performance. On the other 
hand, as Hull points out, “a p)erson may make a low or even a zero score 
on some of the tests on the list, yet possess an appreciable amount of 
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the ability being measured. This tends to make the ratios on this table 
unduly large.” Taking these factors into consideration, it seems justi- 
fiable, from the evidence that is available, to agree with Hull that “we 
shall probably not be in great error if we conclude that among individ- 
uals ordinarily, regarded as normal, in the average vocation, the most 
gifted will be between 3 and 4 times as capable as the poorest.” 

The smallness of the ratio between the two extremes of the range of 
ability has led a few investigators to the conclusions that differences 
have been over-emphasized in the discussion of human make-up, and 
that the variability of human individuals is perhaps less significant than 
the prevailing homogeneity of the human type. This point of view is 
well represented in an article by Wechsler,^ in which the doctrine of 
human equality with all its wide-spread political, social, and economic 
implications is defended on the ground of the relatively short range of 
scores, and of the small ratios of extreme scores in representative 
samplings of human traits. Viewed as a numerical relationship, the ratio 
of most superior and inferior performance, particularly in the light of 
the wide range of finite numbers and of their ratios, appears infinitesi- 
mal. But when it is considered that a 10 point difference in the ratio of 
8 to 7 between an Intelligence Quotient of 80 and an InlelligenceQuo- 
tient of 70 may be equivalent to a difference between confinement in an 
institution and self-supporting and self-respecting citizenship; when it 
is recalled that a difference in earnings of 2 dollars a week in a total 
range of from 18 to 36 may decide between continued emplo}rment and 
discharge, arguments of this kind take on the habiliment of a some- 
what interesting but profitless sophistry. 

THE DISTRIBUTION OF INDIVIDUAL DIFFERENCES 

The range and extent of individual differences give no clue with re- 
spect to the pattern of their distribution among a group of individuals. 
For example, the distribution from one end of a scale of performance 
to another may be along a straight line, such as in the assumed distribu- 
tion of the number of locks packed per hour shown in Figure 4A. Of 
140 workers engaged in packing locks, 20 average between 200 and 220 
locks per hour; 20 between 220 and 240. Twenty workers are found in 
each interval of 20 points. Such a distribution would result if there 
were the same number of workers at each of the levels of proficiency 
between that of the poorest and that of the best worker in a group. 
Actually, of course, ^ere is no such regular distribution of ^ability at 
each level. 

There are other ways in which differences may be distributed. So, 
for example, from the viewpoint of proficiency in assembling locks, 
workers may be concentrated at the two ends of the scale, as shown in 
the assumed distribution of the rate of packing locks in Figure 4B. In 

• D. Wechsler, op, dU 
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this distribution there appears a large group of “fast” workers at one 
end of the scale, a large group of “slow” workers at the other end of 
the scale, and a small scattered group which may be designated as 
“fair” or “middling” workers. Actually the distribution shows two dis- 
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Figuke 4. Assumed Distributions oj Average Number of Lacks Packed Per 
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tinct “types,” the “fast” and the “slow,” the middle group representing 
a straggling of workers at the edges of each of the odier two groups. 

The common tendency is to assume that differences do distribute 
themselves in exactly this way. The human mind seems to favor 
dichotomy in descriptive classification. Perhaps the two most commonly 
used descriptive terms are “aU right” and “no good,” with such inter- 
mediate classifications as “passable,” “fair,” “pretty good,” lagging far 
behind with respect to frequency of usage. Many other instances of the 
assumption that the body of mankind is made up, in the main, of two 
distinct, widely separated classes can be cited, ranging from the “just,” 
and the “unjust,” the “chosen people” and “other nations” of the Bibli- 
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cal age to the “introvert” and “extrovert” of modern times. Occa^on- 
ally the number of classes may be increased as, for instance, to the 4 
types associated with the 4 bodily humours of the Grecian philos- 
ophers, but the gaps between the classes remain wide, and even here 
dichotomies such as phlegmatic versus choleric, melancholic versus 
sanguine are introduced. 

Among the most important of the contributions from the study of 
individual differences is the accumulation of data to show that, in spite 
of the common belief, differences do not distribute themselves in such 
a way as to create two or more widely separated groups or “t 5 ^pes.” 
“The variations in any single trait are usually continuous, and they 
represent variations, in degree, around one and only one type.” 

The characteristics of Ais usual type of distribution can be illus- 
trated by a consideration of the statures of American boys ten and a half 
years old. This distribution is roughly as follows: — 
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Graphically presented the distribution is as in Figure 5. It shows, 
first of all, no gap between the shortest and the tallest in stature, but a 
continuous progression in height between the two extremes, individuals 
being found of every height from 110 to 153 cms. There are very few 
extremely short or extremely tall boys in the group. A boy over 149 cms. 
in height is distinctive in the sense that this height occurs only once in 
250 times, but not in the sense of being removed from ordinary chil- 
dren by a distinct gap. The typical or “modal” height for this group 
is about 133 cms., in the sense that a large proportion of the chii- 
dren tends to cluster around this hei^t. Moreover, there is only one 
such clustering or “mode,” indicating the existence of only a single type 
in so far as height of children of this age is concerned. A large pro- 
portion of the group is close to the “average” in height, an average ob- 
tained by dividing the combined heights of all the children by the num- 
ber of children. Moreover, the “average” height — the arithmetic 
“mejm” — ^is extremely close to the height of the child in the exact mid- 
dle of the group from the viewpoint of stature, technically known as the 

E. L. Thorndike, IndividMaUty, Cambridge, 1911, p. 13. 

“ Ibid., pp. 8-9. 
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“median” height, and to the “mode” or hei^t at which is found a 
greater number of chiidren than at any other single height. O&er in- 
teresting characteristics also appear in this distribution. Slight individ- 
ual variations from the type — as established by the “average,” the 
“median,” the “mode” — are numerous, but large variations from it are 
rare. Moreover, there is a definite inverse relationship between the 
number of children at a given height and the amount of deviation of 
that height from type. At 121 cms. there are fewer children than at 
129 cms.; at 145 cms. there are fewer children than at 137 cms. 

Evidence from a large number of studies shows that physical and 



Fiousa 5. The Distribution of Stature of American Boys 10 1-2 Years Old 

{After Thorndike) 

mental traits are distributed in this manner. It seems to be the “chance” 
distribution of natural phenomena as varied as temperature and general 
intelligence, as is clearly indicated in the graphs presented in Figure 6. 
This type of distribution occurs so frequently in the measurement of 
human traits that the curve representing it has come to be known as the 
normal frequency or distribution curve, or simply as the normal curve}^ 
Figure 7 shows the ideal form of such a distribution, in other words a 
normal frequency curve. The frequency of appearance of the “normal” 
curve is good reason for strongly suspecting that measurements of hu- 
man capacity which distribute themselves other than in this way are sub- 
ject to the undue influence of some sin^e factor or combination of spe- 
cial factors perhaps not recognized by the experimenter in the selection 
of his cases. So, for example, a small number of cases may give gaps in 
the distribution, and exhibit an apparent existence of types. The In- 
telligence Quotients of college students will tend to pile up at the upper 
end of the distribution because, in general, only the most intelligent of 

^*For a fuller description of the characteristics of the curve and a discussion of its 
mathematical derivation see any standard text on statistics. A volume by H. E. Garrett, 
Skttistics in Psychology and Education, New York, 1926, pp. 312, is probably best adapted 
for the needs of undergraduates and other readers interested in a more detailed description 
of statistical concepts employed in this text. 
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the population are admitted to college. Such a concentration of cases, 
either at the lower or upper end of the curve, can be expected when 
cases have undergone such selection. The test scores on a typing pro- 
ficiency examination of employed typists and stenographers can be ex- 





Figure 6. Samples of Frequency Distributions Drawn from Different Fields 

a. Stature of 8585 adult males c. IQ*s of 905 unselected children 5--14 

born in British Isles years old 

{After Yule, page 89) {After Terman, page 66) 

b. Mean monthly temperatures, d. Memory span for digits, 123 adult 
N. F. C., Jan.~Dec,, Average women students 

{After Thorndike, page 99) 

(After Kelley, page 28) 

(After Garrett) 

pected to be skewed as in Figure 8A, because the least proficient t}^ists 
are quickly dropped from the roll by reason of their failure to meet the 
proficiency standards of the employing company. 

In certain instances, a bi-modal distribution, such as shown in Figure 
SB, may be obtained because of the highly selective conditions under 
which measurements are made. In an examination of proficiency in dic- 
tation and transcription by stenographers such a distribution gives an 
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concepts most frccjuently employed m the st&tisticsl descnptimi ot 
variability are 

1. Mean Variation (M.V. or M.D. or A.D.) 

2. Standard Deviation (S.D. or ») 

3. Probable Error (P.E.) 

4. Semi-InterquartUe Range (Q) 

5. Coefficient of Variation (V) 

6. Skewness 



Figuhe 9. Comparison of Absolute Amounts of Variability in Different 
Distributions 

{After Chaddock) 

Of these, the first four are measures of absolute variability and indi- 
cate, in a general way, the relative homogeneity or heterogeneity of the 
measures. They show broadly the character of the dispersion of the 
data from some measure of central tendency of the group — most gen- 

will be no attempt to describe methods for computing statistical measures, to discuss in 
detail the derivation of statistical procedures and theories, and the rules which should 
govern their application. However, reference must be made to such measures and pro- 
cedures in order to clarify certain portions of thb text, and to aid in the evaluation of 
experimental results in the field of industrial psychology. For this reason, a brief descrip- 
tion of certain terms will be included. It is assumed that the student of applied psychology 
will have already familiarized himself with the statistical methods and theories most 
commonly employed in applied psychology. 
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erally the average or the median. In the case of the relatively homogene- 
ous group, which b characterized by a marked concentration of cases 
around the average (as in Curve A, Figure 9) both the M.V. and S.D. 
will be relatively low. On the other hand, if there b a tendency for a 
large number of the measures to be scattered away from the average, as 
in the case of a relatively heterogeneous group (Curve B, Figure 9), 
the M.V. and S.D. will be high. 

1. Mean Variation 

The procedure for calculating the M.V. is such that in a normal dis- 
tribution S7.S per cent of the measures will be found between a point 
lying 1 M.V. below the average and a point lying 1 M.V. above the 
average. So for example, with an average of 50 and an M.V. of 5, 57.5 
per cent of the cases will be found between 45 and 55. 

2. Standard Deviation 

The S.D. is so calculated that in a normal distribution approximately 
68.26 per cent of the cases will lie between the average plus and minus 
the S.D. Moreover, in a normal distribution over 99 per cent of all the 
measures will lie between the average plus and minus 3 S.D. These 
points, derived from the point of change in steepness or inflection of 
the curve have been marked off in the normal curve shown in Figure 7. 
The S.D., commonly designated by the Greek letter sigma, tr, b the 
most frequently employed measure of variability and is of great sig- 
nificance in connection with the use of psychological tests and in the 
analysis of other psychological data in the industrial situation. 

3. Probable Error 

The probable error (P.E.) has somewhat the same general signifi- 
cance as the standard deviation. As a matter of fact, it is usually com- 
puted by simply calculating .6745 of the standard deviation. Between a 
point lying 1 P.E. below the average and a point lying 1 P.E. above the 
average are to be found 50 per cent of the measures in a normal distri- 
bution curve. The average plus and minus 4 P.E. embraces over 99 per 
cent of all the measures in such a curve. The P.E. points are also indi- 
cated on the normal probability curve in Figure 7. 

4. Semi-Interquartile Range 

The semi-interquartile range or Q is a measure of dispersion or varia- 
bility obtained by considering the range of the middle 50 per-cent of the 
measures where they have previously been arranged in order from high- 
est to lowest. Actually, it is obtained by halving this distance. In thb 
way b obtained a measure of variability of the middle half of the meas- 
ures uninfluenced by extreme measures which may be found at the 
upper or lower end of the distribution. 



74 


INDUSTRIAL PSYCHOLOGY 


S. Coefficient of Variation 

Tbe coefficient of variation or V is used as an index of relative varia- 
bility. We may, for example, have two sets of test scores, one with an 
average of 50 and the other with an average of 30. An S.D. of 5 is not 
equally significant in both cases inasmu^ as the S.D. represents a 
smaller proportion of the average in the first set of measurements than 
in the second. A comparison of the degree of variability of these two 
groups involves the computation of V, or coefficient of variation, which 
is a measure of relative variability obtained by dividing the standard 
deviation X 100 by the average. The calculation of the coefficient of 
variation in the cases cited above will show that V has a value of 16.8 
in the case of the second group, and a value of 10 for the first group. In 
other words, in spite of the identity of the S.D. the second group is 
actually more variable than the first. V may be used not only in com- 
puting relative variability of distributions in which the measures are the 
same, but the relative variability of entirely distinct measures such as 
pounds of weight, inches of height, units of intelligence test scores, etc. 

6. Skewness 

In an earlier paragraph it has been pointed out that not all distribu- 
tions are normal — that, under certain conditions, there may be a more 
marked dispersion of measures in one direction or in another. A dis- 
torted dispersion of this kind (illustrated in Figure 8A) is described as 
skewed and is graphically presented in a curve that shows skewness. 
Both the direction and amount of skewness can be statistically com- 
puted and presented in a coefficient of skewness. In the case of such a 
coefficient, a plus sign preceding the coefficient indicates a concentration 
of cases at the low end of the range of measures or positive skewness. 
Where the coefficient is preceded by a minus sign, a concentration of 
cases at the high end of the range of scores, or negative skewness, is 
indicated. 

TRAIT DIFFERENCES 

The study of the range and distribution of mental traits in groups 
has revealed the existence of many', traits. It has also pointed 
to the presence of general laws governing the distribution of a single 
trait in a group of individuals, and has suggested the existence of 
a “psycho-biological constant” in the form of a definite relationship on 
any trait between the poorest and best individual in a “normal” group. 

In addition to the distribution of traits in different individuals, it is 
important to consider tbe distribution of varied traits in the same indi- 
vidual. The nature of the distribution of traits, of trait differences, in 
the individual has many practical implications for vocational adjust- 

D. Wecbsler, op. cU. 
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ment. If, for example, superiority in one trait is invariably associated 
with superiority in other traits and, inversely, inferiority in one trait 
with inferiority in others, the problem of personnel selection and of 
individual adjustment in the industrial organization becomes tremen- 
dously simplified. Under such circumstances, superiority in one trait or 
in one field of activity may be accepted as indicating superiority in 
other fields of work. A good punch press operator can, for example, be 
transferred to the assembly department with a fair assurance that, after 
suitable training, he will become a highly satisfactory employee in this 
other type of work. Industrial mobility remains free and untrammelled 
by variations in capacities requiring careful and painstaking study be- 
fore a transfer can be made. If, on the other hand, there is little or no 
relationship among different traits in the same individual, the problems 
of selection, transfer, promotion — of adjustment and efficiency in gen- 
eral — ^increase in complexity in direct proportion to the extent of va- 
riety of relationships among human traits in the single individual. 

Popular opinion favors the belief that there is no direct or “positive” 
relation among traits. On the campus, for example, the fact that those 
elected to honorary scholastic societies such as Phi Beta Kappa are not 
always the leaders in social and extra-curricular activities has suggested 
that superior scholastic aptitude is not necessarily associated with 
superior social talents and capacity for leadership. In the industrial 
plant the layman, more particularly the industrial executive, has found 
that the most skilled machinist is frequently unsuited for the position 
of foreman. Many an excellent accountant, highly proficient and dili- 
gent in the performance of his task, has been ruined by promotion to a 
supervisory position. Superiority in the capacity to perform a task, it 
is pointed out, does not denote superiority in guiding the performance 
of other workers on that job. Such observations, carried to their ap- 
parently logical conclusions, have even led to the popular acceptance of 
a principle of compensation expressed, for example, in the beliefs that 
rapid learners forget quickly; that the college professor, engrossed in 
theoretical abstractions, has a poor memory; that artistic talent is in- 
variably associated with an inability to deal well with practical every- 
day affairs, and so on. The extreme of this position is very well illustrated 
in the not uncommon patronizing attitude toward the genius, “who 
is to be pitied rather than envied for his one-sided superiority. . . . 
Though able to attain higher degrees of happiness than a normal man 
he has to experience proportionately higher degrees of unhappiness, 
and often has to pay a great price for the use of his talent.*’ — ^The 
mental depression of Cowper, poet and humorist, the hypertrophied 
hearing of Carlyle, deMusset, Goncourt; the vertigo of Napoleon; the 
nervous disorders of Handel, Beethoven, Wagner; the epilepsies of the 
great, are cited in illustration of the peculiarities and deficiencies, physi- 


B. DeBakhtiar, “Should Great Men Be Envied?” V.GJ, Circle, 12 (1931), pp. 14-17. 
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cal and mental, whidi compensate for the superior and often specialized 
talent of the genius. 

The position of the psychologist on this complicated problem of trait 
differences in the individual is a somewhat uncertain one. The findings 
in this field are neither as numerous nor as conclusive as in the measure- 
ment of individual differences in the same trait existing among the 
members of a group. Moreover, there has been practicdly no large 
scale investigation of trait differences of workers directly related to 
their performance on industrial tasks. However, there are a few se- 
lected studies and observations which have a bearing on this problem 
and which may at least contribute toward the formulation of a view- 
point with respect to the nature, relationship, and significance of trait 
differences in the adjustment of the individual to the industrial situa- 
tion. 

The traditional viewpoint with respect to this problem is that of 
Thorndike who concludes that “all trustworthy studies so far made 
of the relations between the amounts of desirable single traits in the 
same individual agree in finding direct or positive relations between 
such traits. Having a large measure of one good quality increases the 
probability that one will have more than the average of any other good 
quality. He who can learn better than the average through the eyes, 
tends to learn better than the average through the ears; also he who 
can attend to one thing better than all other men, will be able to attend 
to many things at once or in rapid succession better than most of 
them. Artistic ability, as in music, painting, or literary creation goes 
with scientific ability and matter-of-fact wisdom. The best abstract 
thinker will be above the average in concrete thought also. The rapid 
workers are the more accurate. Intellectual ability and moral worth 
hang together.” 

This position is substantiated by Terman’s well-known study of 
superior children, ” which shows conclusively that superior children 
tend to be above average on all desirable traits. They are physically 
somewhat above the average. They show better control than the aver- 
age. They are more likely than the average to possess good musical 
and artistic ability. 

A number of studies have indicated. a tendency for an individual 
who does well on one type of test ordinarily employed in “general in- 
telligence” scales to do well in others of the same type. This is strik- 
ingly revealed, for example, in an analysis of scores made by 1000 
Army recruits on each of the 8 tests included in the Army Alpha, 
which shows that in the majority, although not in all, an increase in 
the amount of one trait as measured by the test is accompanied by an 
increase in the amount of the others with which comparison is being 

E. L, Thorndike, op, at,, p. 26. 

M. Terman, et al., Genetic Studies oj Genius, Vol, I, Palo Alto, 1925, pp. 648. 
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made.^^ On the other hand, there is definite evidence in the work of 
Stenquist,^* Toops and others that the capacity to handle abstract 
ideas as measured by the standard general intelligence scale is not 
generally in direct relation to the capacity to do wdl in performances 
involving “mechanical ability.” Moreover, success in one kind of motor 
performance appears to bear no relation to success in others. Perrin,^^ 
for example, applied 17 “motor tests”, including tests of aiming, tap- 
ping, steadiness, etc., to 51 students. An examination of his results 
shows little agreement between the performance of an individual on 
one of these tests and on any of the others in the series.’^ A compara- 
tive survey of performance on similar motor tests led Muscio to con- 
clude that “motor capacities appear to vary independently of one 
another ... an individual’s performance in one such activity is not, 
in general, the slightest indication of what his performance in anoAer 
such activity will be.” Comparison of tests of “manual dexterity” 
applied to 1000 children by Earle and Gaw shows a high degree of 
independence of abilities measured by them, the degree of success in 
each appearing to be largely specific to the test situation.®® 

From an analysis of the school performance of children, similar find- 
ings are available. In schools are found children with generally good 
academic averages who are poor in arithmetic; good arithmeti cians 
who do not learn to spell well; and individuals who are deficient in 
arithmetic, reading, spelling, and all other academic subjects, who do 
remarkably well in carpentry and clay modelling. This is illustrated in 
Figure 10 a showing the profile of a girl 10 years and 2 months 
of age somewhat better than average in general school performance, 
but with a special defect in arithmetic. The analysis of individual test 
performance in the industrial situation reveals similar discrepancies 
in performance and tests measuring industrial traits. This is clearly 
shown in Figure 10 b, the test profile of an applicant for the position 
of electrical substation operator, in whose case superior performance 
on a test of the ability to follow directions is combined with inferior 
performance in tests of motor learning (Learning Test), of analy- 
sis (Puzzle Box and Series Discrimination), etc. Figure 10 c, the test 

IS Coefficients of correlation range from -|- 0.59 to + 0.86, Memoirs, National Academy 
of Sciences, 1921, Vol. IS, pp. 890. 

L. Stenquist, Measurements of Mechanical Ability, Teachers College, Columbia 
University, 1923, pp. 101. 

so H. A. Toops, Tests for Vocational Guidance of Children, Teachers College, Columbia 
University, 1923, pp. 153. 

SI F. A. C. Perrin, “An Experimental Study of Motor Ability,” Journal of Bxpenmental 
Psychology, 4 (1921), 24-56. 

22 Coefficients of correlation ranging from — 0.22 to + 0.39. 

so B. Muscio, “Motor Capacity,” British Journal of Psychology, 13 (1922), pp. 57-84. 

s^ F. M. Earle and F. Gaw, “The Measurement of Manual Dexteriy,” Report of t'ne 
National Institute of Industrial Psychology, London, 4 (1930), pp. 88. 

2 s For a fuller description of these studies and their implications see Chapter XII, pages 
231-38. 

C. Burt, The Distribution and Relation of Educational Abilities, London, 191/, p, 64. 
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profile of an employed male examined in connection with the Min- 
nesota Unemployment Research Project, shows an absence of My 
tendency toward comcomitant variation in mental traits upon which 
earlier investigators have insisted.®^ 

Among the most important of recent investigations of this problem is 
a study by Hull.®* “The subjects were 107 first year high school stu- 
dents. They were tested by means of 35 standard psychological tests 
involving a considerable variety of functions. In order to facilitate 

B. 'fAiQ' emm ability : 
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Figube 10a. Psycho^Tdpk of Special Educational Ability 
2. ‘Fair’ General Ability 

(After Burt) 

comparisons, the scores on the 35 tests were all compiled into equiva- 
lent values . . . The trait distributions of various subjects were plotted 
from these data. The general contours of these graphs were somewhat 
irregular, owing to the small number of items (35) involved in each. 
Invariably there appeared a distinct tendency to approach the charac- 
teristic shape of the normal probability curve. In order to secure a 
clearer picture of the distribution of trait magnitudes, the scores of 
certain subjects having approximately the same mean of talent and 
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degree of talent variability were pooled. The resulting distribution is 
shown in Figure ll. The proximity to the shape of the normal curve 
is unmistak able. Tie same tendency was noted in several other distri* 
butions of a like nature. The indication is clear that the distribution oj 
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talent within an individual follows the normal law much as do the dis- 
tributions of individual differences!* 

A further analysis of the data showed that from the viewpoint of 
the variability of traits within the individual some individuals are 
twice as variable as others. Moreover, “after a certain allowance had 
been made for errors of measurement, it was concluded that the 

** Italics by the author. 
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trait differences here investigated average approximately 80 per cent 
as great as individual differences.” 

The general import of these findings is clear. The individual is not 
superior in all traits, average in all traits, or inferior in all traits, but 
represents a combination of superior, average, and inferior traits. Since 



Figuke 11. Composite Trait Distribution oj Six Subjects Having Approxi- 
mately the Same Trait Means and the Same Trait Standard Deviations, 
AU Being in the Middle Range 

{After Hull) 

the distribution of traits in the individual is in accordance with the 
normal law, the great majority of his capacities or traits will be close 
to the average of his traits, but in a few traits there will be marked 
weaknesses, and in a few others, marked strength. 

“If,” Hull writes,*® “subsequent investigations shall show that the 
results obtained in this study hold true of genuine vocational aptitudes, 
it will mean that the average person has a great variety of occupational 
potentialities . . . We have already seen reason to conclude that the best 
person in a normal group is between three and four times as efficient as 
the poorest. If the variability within the individual b 80 per cent as 
great as that, then the average individual’s best vocational potentiality 

C. L. Hull, op. cH., p. 49. 
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must be between two and one half and three times as good as his 
worst.” 

The implications of these conclusions for vocational adjustment are 
far reaching. They suggest that individuals who are successful on one 
job will not necessarily excel in others to which they may be trans* 
ferred in the same plant. What is perhaps of still greater importance, 
the conclusions suggest that for the man who is inefficient and mal- 
adjusted in one occupation, there are other jobs involving traits in 
which he is superior that will coincide as nearly as possible to his 
maximum vocational potentialities. The recognition that traits do vary 
in the same individual, that there is a diversity of potentialities among 
them, instead of a dead level of uniformity, gives reason for expecting 
valuable results in improved adjustment from a scientific matching of 
capacity and occupation through scientific selection, supplemented by 
a process of dynamic transfer and adjustment throughout the individu- 
al’s period of work in an industrial organization. 



VII • THE ORIGIN OF INDIVIDUAL 
DIFFERENCES 


The proof that differences exist, that they distribute themselves ac- 
cording to established laws both in the group and within a single in- 
dividual, gives no clue to the origin of these differences. Simply stated, 
there still remains the problem of determining how these differences 
arise, whether an individual is “industrious” because he has been born 
with a capacity or inclination for prolonged effort, or whether by reason 
of training or experience he has developed a habit of exerting maximum 
effort at the task on which he is engaged. Does the school boy fail in 
his carpentry class, in spite of his efforts, because he has not inherited 
the necessary “mechanical” aptitude or because a home environment 
free from the opportunity or incentive to do “odd jobs” has failed to 
stimulate the development of this aptitude? With respect to a group of 
workers there is always the question of whether differences in produc- 
tion are the result primarily of differences in “aptness” for the work, 
variations in length of service, individual incentives, or diversity in 
methods employed in teaching the operations of the job. 

Perhaps on no aspect of human behavior is there ^eater diversity of 
opinion than on this question of the origin of individual differences. 
Among laymen there are ardent advocates of a doctrine of “determin- 
ism” which makes all variations inborn, the direct result of inheritance; 
and equally ardent advocates of the opinion that training, surroundings 
— the environmental conditions of life — literally “make the man.” 
Among biologists, sociologists, psychologists there is similar diversity of 
opinion — similar divisions into camps which wage at least verbal war- 
fare over their disputed positions. As a matter of fact all too frequently ‘ 
the controversy has descended from the level of scientific evidence to 
that of acrimonious asservation and emotional appeal. 

“The potency of environment,” writes Pintner,^* “is not nearly so 
great as commonly supposed. ... A child’s abilities are determined 
by his ancestors, and dl that environment can do is to give the oppor- 
tunity for the development of his potentialities. It cannot create new 
powers or additional abilities.” 

“Our conclusion,” writes Watson,® “is that we have no real evidence 
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the persistence of mental defect in a family train is the first example 
of this approach. Dugdale found that of 1200 descendants of a shiftless 
truant, born in 1720, only 20 had learned a trade. Estabrook’s follow-up 
40 years later showed no improvement in the family stock. Goddard’s * 
study of the Kallikak family furnishes another Ulustration of the in- 
vestigation of a family tree through successive generations to determine 
the frequency of a given trait. In this instance, the investigator traced 
the ancestry of a girl in an institution for the feeble-minded. She proved 
to be one of a long line of feeble-minded descendants from the illegiti- 
mate mating of a Revolutionary soldier — ^a normal adult — ^with a feeble- 
minded woman. Among 480 direct descendants there were to be found 
only 46 normal individuals. A later marriage of the same man with a 
normal woman resulted in a long line of intelligent and, in some in- 
stances, superior individuals with an incidence of only 5 feeble-minded 
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persons among 496 included in the survey. The presence of feeble- 
mindedness in successive generations of related individuals “leaves no 
doubt,” according to Goddard, “of the hereditary character of this men- 
tal defect.” Further evidence of the same type is presented by Winship 
in a survey of 1400 descendants of Jonathan Edwards’ family and by 

*H. H. Goddard, The KaOikah Family, New York, 1913, pp. 121. 

^0 A. E. Winship, Jukes-Edwards, A Study in Education and Heredity, Harrisburg, 1900, 

pp.88. 
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Estabrook and McDougle in a more recent survey of the “Win” tribe, 
an Indian-Negro-White mixture.^® 

b. Statistical Studies of Family Resemblance 

Family studies on the influence of inheritance have been supplemented 
by a careful statistical comparison of the degree of resemblance between 
related, as compared with unrelated, individuals on various physical and 
mental traits. The underlying assumption of this type of study is that 
inheritance, if influential, will “cause children to deviate from the gen- 
eral average toward the condition of their parents, and to vary less 
among themselves than would the same number of unrelated indi- 
viduals.” The difference in degree of resemblance among related and 
unrelated individuals can, therefore, it is further assumed, be accepted 
as a measure of the direct influence of heredity in producing individual 
variations. 

In this type of study the resemblance between individuals is generally 
designated by means of a coefficient of correlation}* The coefficient 
of correlation represents a numerical statement of the amount of re- 
semblance among individuals on any trait.^*’ “If the coefficient is low 

A. H. Estabrook and 1. £. McDougle, Mongrel Virginians, Baltimore, 1926, pp. 205. 

It is interesting to note that, largely as a result of such studies, earlier investigators 
tended to regard feeble-mindedness as a unit trait, a distinct entity obeying the same laws 
in inheritance as color of eyes, pigmentation, etc. Conceiving feeble-mindedness as a “re- 
cessive” trait, obeying Mendelian laws in transmission, they contended that no two feeble- 
minded individuals could ever possibly produce a normal offspring. This concept has been 
considerably modified in the light of more recent biological findings and theory. A more 
recent conception of the process of heredity, termed the theory of cumulative Mendelian 
genes, represents a modification of the old supposition. (See B. S. Burks and T. L. Kelley, 
“Statistical Hazards in Nature and Nurture Investigations,” 27ih Year Book, Natl Soc. for 
the Study of Ed., Bloomington, 111., Part 1, 1928, pp. 9-35.) This proposal includes the 
proposition that intelligence is determined by three cumulative pairs of genes in which 
there is no dominance and no epistacy. “The thing to be emphasized here,” it is asserted, 
“is that the right combination of two feeble-minded parents can occasionally produce normal 
offspring if cumulative genes account for intelligence, whereas this would not be possible 
by a simple Mendelian theory.” Whether or not we accept this particular formulation of the 
theory of cumulative genes, it is evident that some such conception must supplant the old 
idea of unit character, for though undoubtedly some characteristics in some species are 
inherited in this fashion, it is equally evident that intelligence in the homo sapiens is not. 
H. S. Jennings has also shown (See H. S. Jennings, The Biological Basis of Human Nature, 
New York, 1930, pp. 383) how two defective parents can yield normal offspring among 
flies. He presents diagrams which illustrate the possible gene formations which could result 
in parents with hereditary defects producing offspring with none, and parents having 
no personal defects producing offspring with many. 

E. L. Thorndike, Educational Psychology {Briefer Course), Teachers CoUege, Columbia 
University, 1914, p. 441. 
p. 357. 

^*Tbe coefficient of correlation is a statistical index for expressing the relationship or 
degree of resemblance between variables. One method used in arriving at this coefficient 
is illustrated in Figure 12, showing the position of 18 employees at the time of their first 
examination on a series of tests used in the selection of substation operators and ^e position 
of the same employees at the time of re-examination some 10 months later. An examina- 
tion of this chart makes it evident that the ranks of these individuals remain relatively 
constant. In other words, there is close agreement or resemblance between results of the 
first and second examination. As a matter of fact, the agreement in this case is such as is 
expressed in a coefficient of correlation of 0.79. If there were no such agreement there 
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and approaches zero, there is no resemblance in the trait in question 
among the individuals compared. Chance pairs of unrelated individuals 
show zero correl^on for psychological traits, because there is no 
factor at work making for a resemblance among such chance selections 
of individuals. If, now, there is a greater resemblance among related 
than ^ong unrelated individuds, this will show itself in a higher 
coefficient of correlation among the related individuals. And we do 
find such higher correlations among related individuals. This does not 
constitute proof that heredity is the factor causing the resemblance, 
but, since the two groups are the same in every respect in the matter 
of relationship or non-relationship, it would seem that the factor of 
heredity is the cause of the resemblance.” 

In color of eyes, color of hair, height, cephalic index (ratio of width 
to length of head), physical traits presumably relatively unaffected by 
environmental factors, Pearson found marked resemblances among 
members of the same family. The physical resemblance averages ap- 
proximately .50 in terms of the coefficient of correlation.'® (Table 7.) 

would be much more criss-crossing of the lines and the final coefficient would be lower. 
A coefficient of 0.00 represents chance correlation. The per cent better than chance corre- 
lation of various coefficients may be expressed as follows: — 


.10 


.70 

29% 

.20 

2% 

.80 

40% 

JO 

S% 

.90 

S6% 

.40 

8% 

.95 

69% 

.SO 

13% 

.98 

80% 

.60 

20% 

1.00 

100% 


The method for calculating coefficients of correlation illustrated above is only one of a 
number which may be used for this purpose. However, in all cases, a minus sign before the 
coefficient indicates that the relationship is in opposite directions. 

The reader is referred to texts in statistics for a further discussion of methods employed 
in calculating the coefficient of correlation. The student should also become familiar with 
the principles to be applied in interpreting the significance of a coefficient of correlation. It 
is important for him to know that the coefficient of correlation is unreliable if its value 
is less than 4 times that of its Probable Error (P.E.) . He should understand the effect of 
the homogeneity of the group, of unreliable raw data, of spurious factors, etc., upon the 
coefficient of correlation. The student must again be referred to statistical texts for such 
information. However, because of the basic importance of the P.E. of the coefficient, and 
inasmuch as this is often omitted by investigators in stating results, there is given below a 
brief table of the values of Probable Errors for coefficients of correlation of stated values 
for given numbers of cases. 

Probable Errors of the Coefficient of Correlation for Various Numbers of Measures (N) 
and for Various Values of r (Coefficient of Correlation) 

Correlation Coefficient (r) 

No. of 


Measures 

0.0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

20 

1S08 

1493. 

1448 

1373 

1267 

1131 

0965 

0769 

0543 

0287 

SO 

09S4 

0944 

091S 

0868 

0801 

0715 

0610 

0486 

0343 

0181 

100 

0674 

0668 

0648 

0614 

0567 

0506 

0432 

0345 

0242 

0128 

200 

0477 

0472 

04S8 

0434 

0401 

0358 

0305 

0243 

0172 

0091 

SOO 

0302 

0299 

0290 

0274 

0253 

0226 

0193 

0154 

0109 

0057 

1000 

0213 

0211 

020S 

0194 

0179 

0160 

0137 

0109 

0077 

0041 


R. Pintner, Intelligence Testing, New York, 1931, p. S07. Italics by the author. 

K. Pearson, “On the Laws of Inheritance in Man,’’ Biometrika, 3 (1904), pp. 131-190. 
Ibid., p. 160. 
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Figure 12. Position of 18 Employees on Re-examination. Series A and B as 

Compared with Position on First Examination 

{After Viteles) 

Pearson also used estimates of mental traits such as vivacity, self- 
assertiveness, ability, conscientiousness, in comparing brothers, and 
brothers and sisters (siblings), and concludes from an examination 
of the average coefficient of correlation (.50) that the effect of heredity 
upon mental characteristics is apparently &e same as upon physicid 
characteristics. 

In more recent studies tests instead of estimates have been em- 
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TABLE 7 

Coefficients of Correlation on Trait Relationships {Pearson) 


Color of eyes 

brothers 

.52 

Height 

brothers 

.50 

Height — father and son 


.30 

Ceph^c index 

brothers 

.49 

Color of hair 

brothers 

.55 


ployed in studying sibling and parent-child resemblances as an aid in 
evaluating the contribution of heredity in producing individual dif- 
ferences.** From a comparison of educational and psychological test 
scores obtained by 18 pairs of siblings, aged 19 to 32, attending the 
University of Wisconsin, Starch concludes that “the resemblance of 
siblings is apparently no greater in those mental traits which are di- 
rectly affected by school work than in those which are not so affected. 
This seems to indicate that the mental similarities of children of the 
same parents are due primarily to heredity rather than to similarity of 
environment, since the resemblance is no greater in those traits which 
are more directly affected by environment.” From a study of brothers 
and sisters in a public school, supplemented by re-examinations at 
the end of a year and a very careful analysis of data, Thorndike ** 
concludes that the resemblance in intelligence of unselected siblings 
is slightly greater than that found by Pearson** for physical traits. 
The difference in the value of the two coefficients of correlations is 
assumed by Thorndike *® to represent the slight “influence upon in- 
telligence of such similarity in environment as is caused by being sib- 
lings 2 to 4 years apart in an Americem family.” Jones** tested 527 
individuals, in 105 families, in which there were both parents and two 
or more children, in a stable New England settlement offering a rela- 
tively constant environment for a native born group of native parent- 
age. In this investigation there was found a tendency, where parents 
were unlike in intelligence, for the child’s Intelligence Quotient to 


In the development of the section which follows, the author refers to many studies 
in a report on “Nature and Nurture” forming the 27th Year Book, of the National Society 
for the Study of Education, Bloomington, Bl., 1928, Part 1, pp. 465 ; Part II, pp. 397. This 
combines an excellent survey of earlier studies with important original studies. Earlier 
studies are briefly summarized in an article by B. S. Burks, Part II, pp. 248-^53. 

D. Starch, “The Similarity of Brothers and Sisters in Mental Traits,” Psych. Review, 
24 (1917), pp. 235-38. 

E. L, Thorndike, “The Resemblance of Siblings in Intelligence,” 27th Yr. Book, Nat*l 
Soc. for the Study of Ed., Bloomington, 111., 1928, Part 1, pp. 41-53. 

** Pearson, Physical Traits -f 0.52. 

Thorndike, Intelligence +0.60 

H. E. Jones, “A First Study of Parent-Child Resemblance in Intelligence,” 27th Yr, Bk., 
Natl Soc. for the Study of Ed., Bloomington, III., 1928, Part I, pp. 62-74. 
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strike the medium, the inferior and superior parents having equal in- 
fluence in determining the intelligence of the child. 

Another interesting contribution to the data on resemblance of sib- 
lings is provided by May and Hartshorne.®® Seven hundred and thirty- 
four pairs of siblings, scattered among 7 schools, including 2 orphan- 
ages, were measured with 4 different types of deception tests. 

Behavior A. — In one type of class room situation, the pupils deceive 
by adding more scores to a speed test after time is called. The amount 
which any score is thus illegitimately increased beyond what it would 
otherwise be is taken as a measure of deceit. There are six of these 
tests affording six opportunities to cheat. The total amount of dishonest 
increase is reckoned as the total score in this battery. 

Behavior C. — In this type of situation the pupil deceives by copy- 
ing from a key or answer sheet and thereby increases his score on some 
school test beyond what he could achieve without such assistance. 
Three intelligence tests are used in this battery and the total dishonest 
increase is taken as the total deception score. 

Behavior P. — This battery consists of three "peeping" tests with 
techniques adapted from Voelker and Cady. The pupU deceives by 
opening his eyes, or "peeping,” when the directions call for doing the 
test with eyes closed. The total amount done over and above what 
could be done with eyes shut is the total score. 

Behavior H. — This consists in securing help on a test taken at 
home, after being definitely instructed not to get any help from any 
source. Deceit consists in getting help. The amount is determined as 
in the case of Behavior C. 

An analysis of the results showed that siblings resemble one another 
in deception, whether the opportunity to cheat was offered at home or 
at school. According to the authors this resemblance “cannot be ade- 
quately explained by the social status of the homes in which the chil- 
dren are reared. After cancelling the environmental factors, there seems 
to be left, in the case of deception, a degree of sibling similarity as great 
as that discovered by the best intelligence tests; that is, it seems as 
likely that deception is biologically conditioned as it does that in- 
telligence is biologically conditioned.” 

The flnal determination that deception is an inherited trait, little 
subject to modification of environment, will, of course, have an enor- 
mous significance for industry, which faces the problem of predicting 
the honesty of prospective employees in many situations and their 
susceptibility to change in these situations. The results of May and 
Hartshorne’s study are far from conclusive, even for siblings; they 
cannot be transferred bodily to adults in industry, but they suggest the 
wide implications for industry of this problem of nurture and nature. 
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c. TAe Comparison of Turns 

The study of the parent-child and sibling relationship has been sup- 
plemented by the comparison of twins. This type of study was started 
by Gallon, who cites many interesting examples of marked similari- 
ties obtained by sending questionnaires to twins and to their relatives. 
In later studies more exact methods have been employed in the com- 
parison of mental traits of both identical and non-identical twins. The 
classic experiment of this type is that of Thorndike who applied 6 
tests, involving the cancellation of A’s on a printed page of capital 
letters, a misspelled word test, tests of addition, multiplication, etc., 
to 50 pairs of twins from 9 to 14 years of age. The conclusion is drawn 
that the amount of resemblance of twins on mental tests is approxi- 
mately twice that of ordinary siblings. The author also finds that young 
twins of the group are as much alike as the older ones, and that the 
resemblance is as strong in relatively untrained capacities as in trained 
ones. He therefore concludes that the similarities are due to inborn 
capacities, that “the nature of germ cells — the conditions of conception 
— cause whatever similarities and differences exist in the original 
natures of men, that these conditions influence body and mind equally, 
and that in life the modifications of body and mind produced by su^ 
differences as obtain between the environments of present day New 
York public school children are slight.” ** 

A later investigation by Merriman yields similar findings and 
conclusions, although the significance of the latter is questionable by 
reason of certain technical errors in the treatment of data. One hun- 
dred and fifty-eight pairs of twins and 199 children, members of 72 
families in public and private schools in New York, were tested by 
Tallman.*" The average difference in intelligence quotient between 
siblings is found to be 13.1; between non-identical twins 7.3; and 
between identical twins 5.0. In other words, the difference between 
siblings is found to be about twice as great as that between all twins 
(7.0). “It remains to argue,” it is pointed out, in a critical note on 
Ais study, “that such results might still be thought of as due to similar 
degrees of closeness of environment, rather than as due to inherited 
constitutional dispositions, but such an argument certainly seems too 
far fetched to be taken very seriously,- inasmuch as it would have to 
be assumed, for instance, that the environment is distinctly more 
nearly the same for identical than for non-identical twins.” 


F. Gallon, Inquiries into Human Faculties, London, 1883, pp. 387. 

E. L. Thorndike, “Measurement of Twins,” FkU. and Psych., 13 (1905), p. 64. 

*«E. L. Thorndike, Educational Psychology (Briefer Course), p. 367., 

®®C. Merriman, “The Intellectual Resemblances of Twins,” Psych. Monograph., 32 
(1924), pp. 58. 

BOG. G. Tallman, “A Comparative Study of Identical and Non^dentical Twins with 
Reject to Intelligence Resemblances,” 27ih Yr. Book, Natl Soc. for the Study of Ed., 
Bloomington, lU., 1928, Part 1, pp. 83<-88. 
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In addition to these mass statistical studies there have appeared a 
number of specialized studies of single pairs of twins which are of 
some interest from the viewpoint of this general problem. Among 
these are Newman’s and Muller’s studies of identical twins reared 
apart, and Koch’s ’’ study of a pair of Siamese twins. An example of 
another approach to the study of this general problem of heredity, 
by the investigation of twins, is to be found in Lange’s ** investigation 
of the lives of 30 pairs of identical and non-identical twins of which 
at least one was in prison at the time the study was made. Of the 13 
pairs of identical twins in 10 cases both members of the pairs had been 
in prison, whereas among the 17 non-identical pairs only in 2 cases 
had both members been in prison. The criminality in non-identical 
twins was not higher than that of ordinary brothers and sisters. The 
detailed reports about the life of the identical twins reveal an extraor- 
dinary likeness of these twins with regard to their conflicts with the 
penal code. The author cites these findings as evidence of the decisive 
role of the genetic constitution in human conduct. 

A summary of available findings of statistical studies on the amount 
of resemblance among related and unrelated individuals is presented 
by Pintner in the form of coefficients of correlation of the values shown 
in Table 8.»* 

TABLE 8 


Coefficients of Correlation 


Identical twins 

.90 

Siblings 

.SO 

All twins 

.75 

Cousins 

.20 

Fraternal twins 

.70 

Unrelated individuals 

.00 


(After Pintner) 


“And this,” according to Pintner, “is exactly the hierarchy we would 
expect to find, if heredity were an important factor in intelligence. 
At the same time these findings are no proof of the inheritance of in- 
telligence, because this hierarchy of coefficients corresponds also to 
the degree of similarity of environment usually found among the 
various groups of individuals. All that we can claim is that our calcula- 
tions agree perfectly with the hypothesis that intelligence is inherited 
in the same way as physical characteristics are inherited.” 
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d. The Social and Economic Status of Parents 

Another approach to the evaluation of the contribution of inheritance 
is found in studies of the intelligence of children in relation to the 
occupations of their fathers. In such investigation two assumptions are 
usually made: 

(1) that professional level is determined largely by mental status, and 

(2) that the descending hierarchy of averages in intelligence of 
children corresponding with the hierarchy of occupational levels of 
parents (from the professions to unskilled labor) represents the in- 
fluence of heredity. 

Those in the higher grade occupations are assumed to have succeeded 
by reason of superior intelligence, which they transmit to their chil- 
dren. Characteristic of the findings of this type of investigation are 
the percentages of high school children scoring above the group medians 
on an intelligence test, in comparison with the occupations of their 
fathers, shown in Table 9.’* 


TABLE 9 


OCCUPATION OF FATHEB 

Professional 

Clerical 

Salesman 

Artisan 

Executive 

Day Laborer 

Farmer 


PERCENTAGE OF CHIL- 
DREN SCORING ABOVE 
GROUP UEDIAN 
60 
60 
56 
55 
54 
47 
43 


(After Book) 

The occupational distribution of the fathers of superior children in- 
cluded in Terman’s main study of genius was found to be 31.4 per cent 
professional, 50 per cent semi-professional and business, 11.8 per cent 
skilled labor, 6.6 per cent semi-skilled labor, 0.13 per cent common 
labor."^ The percentages are tremendously weighted in favor of the 
superior occupational class. The author accepts this and the fact that 
differences among individuals appear in early childhood as evidence that 
the “causal factor lies in original endowment rather than in environ- 
mental influences.” The fact that such differences do occur in early age 
is confirmed by Goodenough in a study of pre-school children.^^ In this 
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appears a range from an average Intelligence Quotient of 96 for children 
of unskilled laborers to 125 for children whose fathers are in profes* 
sional occupations. ‘‘The value of the pre-school results,” according to 
Pintner, “is to show that these differences in I.Q.'s of occupational 
groups are not caused by education. They exist in marked degree even 
before the child comes to school.” 

The existence of similar differences, running parallel to occupational 
status, is reported from English investigations by Duff and Thomson,^® 
by Jones and Carr-Saunders as well as in American studies. The 
Jones and Carr-Saunders study is of particular significance because 
of the relative constancy of the environment of the orphanage chil- 
dren who served as subjects of the investigation. The enriched sur- 
roundings of children in socially superior homes, in contrast with the 
limitations of the poorer homes, may very easily contribute to the 
superiority of the former on the standard intelligence tests. The fact 
that home environment is constant for the orphanage children in the 
Jones-Carr-Saunders study strengthens the validity of the conclusion 
“that there is no reason to suppose, so far as this evidence is con- 
cerned, that environmental influences are the whole or even the major 
part of the cause of the differences in intelligence between children of 
different social origins.” 

2. Contribution of Environment 

a. General Studies 

The investigations so far discussed have been oriented primarily 
from the viewpoint of heredity — designed to reveal the part played 
by nature in giving rise to individual differences. In addition to this 
is a group of studies organized with the specific purpose of revealing 
the effect of changed environment upon variability of individual men- 
tal traits. The most significant of these are two investigations con- 
ducted independently by a University of Chicago group and by a group 
from Stanford University. The two studies, employing somewhat dif- 
ferent methods, were undertaken to gather evidence upon almost iden- 
tical problems. Both deal with the influence of home environment upon 
the mental development of children. The Stanford study offers, in addi- 
tion, evidence upon the influence of heredity. 

The chief problem of the Chicago investigation was to determine 
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methods — ^that heredity is a force in the determination of mental 
ability by the side of which all other forces are ‘dwarfed in com- 
parison.’ ” ** 

The two studies agree in assigning a definite rdle to environment in 
producing differences in ability and achievement. There is a disagree- 
ment as to the extent of its influence. The Chicago study appears to 
attach a somewhat greater significance to enviroiunent. However, it 
must be recognized that the influence of heredity and environ- 
ment respectively will vary with the character of the population 
studied, its variable social standards, educational opportunities, de- 
gree of selectivity, etc. Differences in these factors between the two 
groups studied may account for quantitative differences in findings 
whidi, however, show general agreement with respect to the measur- 
able influence of environment upon the development of individual 
intelligence. An analysis of the disagreements by Burks leads her 
to conclude that the implications of the Chicago findings are, in effect, 
closer to those of the Stanford study than appear on the surface. 

b. The Study of Specific Influences 

The final solution of the nature and nurture problem is probably 
to be found in major studies such as those of Freeman and Burks in 
which the influence of heredity and environment can be separately 
studied by making the other relatively constant. At the same time, 
valuable contributory supplementary data is to be found in the analysis 
of specialized traits such as “mechanical ability” and “musical talent,” 
and in studying the effect of special conditions such as school achieve- 
ment, training, or practice upon the development of mental traits. 

Among investigations of the former type is the work of Anderson ** 
in studying the relationship of environmental factors to measures of 
“mechanic^ ability.” Anderson obtained detailed information on the 
cultural and mechanical environment of 135 boys by means of a ques- 
tionnaire filled out in part by a trained social worker and in part by 
the parents of the boy. Seven sets of environmental factors were covered 
in this questionnaire. 

1. Cultural Status of Family 

2. Literary Interests 

3. Recreational Interests 

4. Mechanical Operations of Father 

5. Mechanical Operations of Son 

6. Tools Owned by Father 

7. Tools Owned by Son 

*«/W4.,p. 309. 

B. S. Burks, “Comments on the Chicago and Stanford Study of Foster Children,” 27th 
Yr. Bk,, Nat*l Soc. for the Study of Ed., Bloomington, 111., 1928, Part I, pp. 317-21. 

** L. D. Anderson, “The Relationship of Certain Environmental Factors to Measures of 
Mechanical Ability,” 27th Yr. Book, Nat^l Soc. for the Study of Ed., Bloomington, HI . 
1928, Part. 11, pp. 137-1S2. 
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To determine the relation of environmental factors to mechanical 
ability, the seven aspects of the environment were correlated with 
two mechanical shop criteria, or scores in mechanical success. The 
shop success scores indicated (1) success in manipulation of tools and 
materials, and (2) amount of information acquired about tools and 
materials. In measuring manipulative skill, projects made by the bojrs 
were subjected to objective measurement on many well-defined and 
specific parts. These measurements were combined to give a general 
measure of manipulative success in the type of shop work covered by 
junior high school courses in sheet metal work, woodwork, electricity, 
printing, and mechanical drawing. The amount of information acquired 
in each of these shops was measured by multiple-choice information 
tests given at the end of the course, the scores of which were combined to 
give a general measure of “shop information.” The correlations be- 
tween the environmental aspects and the shop success measures are 
given in Table 10.^^ 


TABLE 10 

The Correlations of the Seven Environmental Factors with the 
Measures of Manipulative and of Informational Standings 
in Mechanical Lines (100 cases) 

CORRELATION WITH CORRELATION WITH 


FACTOR 

MANIPULATIVE 

INFORMATIONAL 


CRITERION 

CRITERION 

Cultural status of Family 

— .07 

.01 

Literary interests of son 

.13 

.22 

Recreational interests of son 

.01 

.12 

Mechanical operations of father 

.09 

.24 

Mechanical operations of son 

.30 

.35 

Tools owned by father 

.01 

.11 

Tools owned by son 

.10 

-.02 


(After Anderson) 


All of the correlations are low. The measures of mechanical environ- 
ment show slightly higher relationship with mechanical ability than do 
those of non-mechanical environment, but the coefficients are too low 
to warrant the conclusion that mechanical shop success is substantially 
related to any of the aspects of the environment measured by the ques- 
tionnaire. An incidental observation made in the course of the study 
is that a high cultural (economic) status of the family is not conducive 
to the ownership of tools by either father or son, or to the doing of 
many mechanical opierations by either. The mechanical “opportunities” 
of boys tend, under such circumstances, to be restricted by either a 


Ibid., p. 147. 
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large family income or by unwise budgeting of family expenditur^. 

Tlie results of tbis study indicate, in general, that little or no in- 
fluence can be attributed to the mechanic^ activities of a boy’s father, 
the tools which the boy’s father owns, or the cultural status of the 
home upon the boy’s mechanical ability when this is judged by ratings 
upon actual projects made in school shops, tests of “shop informa- 
tion” at the close of shop courses, and scores on eight standard 
mechanical tests. The absence of any measurable influence from these 
environmental factors leads to the surmise that the undoubted differ- 
ences that exist in mechanical ability are mainly innate. 

Interesting data on the inheritance of “music^ ability” is presented 
in an article by Farnsworth who contrasts Seashore’s assertion 
that “musical talent is a gift bestowed very unequally upon individuals 
—that is inborn only in specific types” with the oianion of Stern 
that “musicality” may be acquired. Stanton’s findings in a com- 
parison of discrimination of pitch, intensity, time, and tonal memory 
of 85 parents and offspring, supplemented by a systematic survey of 
musical environment, are offered in evidence of the influence of heredity. 
Reference is also made to the study, by Voss,®* of a musician with two 
wives — one musical and one unmusical. A follow-up of seventeen chil- 
dren, in five succeeding generations, revealed the existence of two 
strains, one musical and the other non-musical associated with re- 
spective wives. Direct evidence on the influence of environment on 
musical ability is more limited. Although available data seems to favor 
the predominating influence of heredity, Farnsworth’s conclusion that 
the “question of musical heredity is still a moot one” seems on the 
whole justifiable. The problem is complicated by difficulties in testing, 
by wide variation in opportunities for training, and by similar factors 
which help to create an intricate confusion of cause and effect. 

c. The Effect of Training on Individual Differences 

Among problems on the origin of individual differences of major 
interest to the student of industrial psychology is the question of the 
effect of training on individual differences. It is important, for ex- 
ample, to know if an applicant who makes a low score on a test of 
“mechanical ability” at the time of employment can be expected to im- 
prove his score following practice on a’ job calling for manipulative 
tasks involving “mechanic^ ability.” From the viewpoint of produc- 

P. R. Farnsworth, “The Effect of Nature and Nurture on Musicality,” 27th Yr, Book, 
Nat’l Soc. for the Study of Ed., Bloomington, 111., Part II, pp. 233-4S. 

E. Seashore, The Psychology of Musical Talent, Boston, 1919, pp. 288. 

W. Stern, Die Differentielle Psychologic, Leipsig, 1911, pp. 265. 

H. M. Stanton, “The Inheritance of Specific Musical Capacities,” Psychological Mono^ 
graphs, 31 (1922), pp. 157-204. 

®*G. Voss, Deutsche Zdtschrift fur Nervenkrankheiten, 83 (1925), pp. 249-63. Cited 
from P. R. Farnsworth, op. cit,, p. 236. 
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tion it is of utmost importance to know whether the lowest of 10 
workers in production during the first week of employment will con- 
tinue to remain at the bottom or close to the bottom of the list or 
whether, as a result of practice, he is liable to reach or exceed the 
level of workers with better production records during the first week 
of employment. Assuming even that other general environmental con- 
ditions play but a minor rdle in the development of a trait, the influence 
of systematic training may be marked enough to remove or reverse 
the direction of difference existing within a group prior to intensive 
training. 

The experimental investigation of the effect of practice has much 
to contribute to the nature-nurture controversy. “If individual dif- 
ferences can be eliminated by training then they are presumably largely 
due to environmental factors. If they persist, in spite of equalized 
training, they are presumably to be attributed to nature rather than 
nurture.” In addition, this problem is fundamental in the formula- 
tion of a sound personnel program — ^in determining, for example, the 
role to be assigned to scientific selection in contrast to that assigned to 
training in promoting individual efficiency and adjustment in industry. 
If differences cannot be wiped out by training of even the most in- 
tensive sort, scientific selection as an aid in properly sorting and placing 
applicants for employment assumes the major position in the per- 
sonnel program. If the reverse is true, selection may become a mere 
formality, a gross sorting process for the elimination of those unsuited 
for reasons other than deficient ability, with a feeling of assurance 
that suitably organized and administered training programs will bring 
all up to the same level of productive efficiency, regardless of differences 
appearing in the early period of service in the department for which 
the applicant may be employed.®* 

In so far as the effect of practice is concerned, both common observa- 
tion and laboratory experimentation show that improvement follows 
training or practice in almost every kind of performance. A major 
problem in psychology is to determine whether such improvement 
represents a bonafidc betterment of “innate capacity,” or merely an 
acquisition of certain information and techniques of value in its opera- 
tion. If the former is true, heredity and “original nature” lose their 
potency in determining individual advancement and environment and 
formal training take on almost unbounded power in the improvement 
of the individual. If the latter is the case, it can be concluded that the 
individual can only learn, through the application of improved knowl- 


Prefatoxy Note to Chapter 14, 27th Yr, Book, Natl Soc. for the Study of Ed., Bloom- 
ington, 111., 1928, Part II, p. 210. 

^^The general aspects of this problem are considered in this chapter. The specific in- 
fluence of training on “skill’’ is discussed in Chapter XII, in considering the relationship 
between “educabiUty” and testing procedure in kdustry. 
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edge and technique, to use to better advantage the traits which he 
possesses, but cannot hope to rise above a level established by the 
hereditary forces which have contributed to his being. 

Early experimental results in this field are somewhat contradictory 
in character. In laboratory studies, with adults as subjects, on the 
development of range of visual apprehension of groups of letters, dots, 
drawings, etc., exposed to view very briefly, Whipple and Foster 
found no improvement of any basic intrinsic ability. A slight improve- 
ment which did occur was attributed to “tricks” and techniques ac- 
quired during the course of the experiment. Dallenbach,®^ employing 
the same procedure with third grade school children as subjects, not 
only discovered a marked practice effect, but also concluded that the 
practice led to permanent alteration and modification of certain mental 
traits. However, Oberly ®* concluded from a later experiment with adults 
that increase in number of digits apprehended as a result of practice is 
due to an improvement in method of grouping and not to an improve- 
ment in fundamental ability. 

In a more recent experiment by Gates ®' an attempt was made to 
determine the exact character of improvement with practice. With 82 
children, 4 to 6 years of age, as subjects, the investigator studied the 
improvement in rate of tapping with a blunt pencil. The subjects were 
given daily 3 short practice periods in tapping for 18 days. At the 
beginning of the experiment they were also tested once on 8 different 
motor functions requiring speed of decision and control. At the end of 
18 days of practice in tapping, the pupils were paired so as to yield 
two groups practically equivalent in each of the following respects: 
(1) Speed of Tapping, (2) Motor Ability on the 8 Tests, (3) Sex, 
(4) Chronological Age, (S) Stanford-Binet Mental Age, (6) Intelli- 
gence Quotient, (7) Grade in School. For one group the training was 
stopped, but with the other it was continued. The pupils in the latter 
group were given 3 short practice periods per day, while working 
in groups of 5 to 8, for 76 days over a period of 6 months. Then, during 
a final period of 17 dajrs, both groups were given practice. The progress 
of both groups is shown in Figure 13. 

“These figures indicate a fairly rapid rise in tapping ability during 
the first 18 days, suggestive of the acquisition of various devices and 
techniques. For the Practice Group there is a slow but steady im- 
provement during the next six months of practice. Tested again after 

G. M. Whipple, “The Effect of Practice upon Range of Visual Attention and of Visual 
Apprehension/' J. Ed. Psych., 1 (1910), pp. 249-62. 

®®W. S. Foster, “The Effect of Practice upon Visualizing and upon Reproduction of 
Visual Impressions,” J. Ed. Psych., 2 (1911), pp. 11-21. 

K. M. Dallenbach, “The Effect of Practice Upon Visual Apprehension,” /. Ed. 
Psych., 5 (1914), pp. 321-334, 387-404. 

®*S. H. Oberly, “Range of Visual Attention and Apprehension,” Am. J. Psych., 35 
(1924), pp. 332-52. 

■•A. I. Gates, “The Nature and Limit of Improvement due to Training,” 27th Year 
Booh, Nat*l Soc. for the Study of Ed., Bloomington, 111., 1928, Part I, pp. 441-460. 
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this period of no practice, the untrained or Control Group is slightly less 
proficient than the Practice Group. The Control Group very rapidly 
improves, however, so that after the 103rd day they are quite equal to 
the Practice Group.” ®® 

At the expiration of another 6 months without practice both groups 
were again given 3 trials daily for 6 consecutive days. They were 
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* * 

Figure 13. Average Scores in Tapping, Arranged by Five-Day Periods (Ex- 
cept the Starred, Which are Four-Day Periods) (Ajter Gates) 


shown still to be practically alike in rate of tapping at the end of the 
period. In addition, the 8 motor tests were repeated at the end of 6 
months of practice and of 6 months of rest. On these tests both groups 
made substantially the same average improvement. 

The fact that the Practice Group was no better after nearly 6 months 
of continuous practice than the Control Group after a few days of 
re-adjustment suggests that in this simple motor task improvement was 
due to technique and that practice had no perceptible influence upon 
capacity. It seems probable that increased rate of tapping is due to 
improved technique for taking the tapping test rather than to a steady 
increase in any fundamental capacity for tapping. Another significant 
feature of this study is that individuals in the groups differed in tapping 

•® Ibid., p. 4S1, 
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ability not only before practice was begun but after maximum efficiency 
had been attained by dint of intensive and long-continued training. 

In a supplementary experiment by the same investigator, involving 
a “mental” function, immediate memory for digits, with approximately 
the same conditions as the first experiment, the Practice Group did 
show a superiority over the Control Group after S months of continued 
practice. However, after a lapse of another 4^ months without prac- 
tice the groups made almost identical results. In other words, whatever 
advantage had been gained by the first group as a result of practice 
was not permanent. The studies, as the author indicates, reveal the 
apparent futility of training beyond a certain amount to produce an 
improvement of performance. The effect of training appears to be not 
to change directly or modify the growth of capacity, i. e., the functional 
possibilities of the mechanism, but, through the superimposition of use- 
ful information, techniques, methods of work upon capacity, to in- 
crease to a limited extent the proficiency of the individual. The con- 
clusions obviously reinforce the position of those who believe that the 
fundamental endowments given by nature are themselves little open to 
alteration. 

The analysis of the general question of whether improvement takes 
place with training and the nature of such improvement has been sup- 
plemented by investigations designed to determine whether individuals 
in a group who are least efficient at the beginning tend to be least effi- 
cient throughout a period of practice or vice versa. Associated with the 
question of changes in relative rank during practice is that of whether 
practice in a specific activity increases or decreases the amount of dif- 
ference present in a group, that is, whether it narrows the range between 
the poorest and best, or increases it so that after training the best more 
than ever outshine the poorest. Investigations on these questions as 
they affect procedures to be used in testing in the industrial situation 
are discussed in Chapter XII. One or two experiments of a general 
nature may be cited here in order to illustrate the problems involved. 

Early studies by Thorndike lead to the conclusion that the individual 
whose position in the group is low at the beginning of a training or 
practice period generally maintains his place in the low part of the 
group when every member of the group is given exactly the same kind 
and amount of practice or training. Individuals starting at a relatively 
high level maintain their high position in the group. This is clearly 
illustrated in Figure 14, showing the improvement in addition of one- 
place numbers on the part of 5 adults during five-minute periods of 30 
successive days of practice. A and B, starting with the lowest number 
of additions in the first five-minute period, remain low; C, D, and E, 
although changing positions with each other, continue to complete 
more additions in five-minute periods on each of the 30 days of prac- 
tice than do A and B. Siimlar results are found in extensive experi- 
ments with activities ranging from motor performances such as ball 
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tossing, card sorting, and marble sorting to the more specifically mental 
operations of routine completion, calculation, answering questions of 
fact from history, etc. 

A more recent experiment by Hartmann furnishes further evidence 



A^T/x Meiu. /r, ALATTj-Afmoi^ma p,sji, 

Figuke 14 

along the same line. In this SO subjects took part in an experiment 
which involved (1) “the repetition of the alphabet as rapidly as possible 
forward, i. e., A-B-C; (2) the interception of the letter ‘n’ between 
each pair of the letters, i. e., AnBnCn; (3) the repetition of the alpha- 
bet as rapidly as possible backward, i. e., Z-Y-X; and (4) the repeti- 
tion of the alphabet backward intercepting ‘n’ between each'pair of the 
letters, i. e., ZnYnXn.” Twenty trials were made on each of the 4 
series, records being taken twice daily. The correlations between the 
average time for the first and last trial are shown in Table 11. On the 
strength of these values the author concludes that “even in such a 
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restricted capacity as reversed alphabetization most subjects adhere 
to the level of achievement they have struck at the start.” 

TABLE 1 1 


CORRELATION 

SERIES BETWEEN INITIAL PROBABLE ERROR 

AND FINAL MEANS (N = 50) 

I Is !o3 

II .43 .08 

III 64 .05 

IV .56 .06 


(After Hartmann) 

In contrast with these findings are the results of a recent experiment 
by Ehinger.*® This involved the investigation of the effect of manual 
work upon performance in 4 tests of manual ability. The subjects in- 
clude (I) 25 students in a pre-apprentice class, tested during the first 
week of apprenticeship, and again after a lapse of 5 months; (II) 
88 workers, aged 14 to 30 years, tested prior to employment and after 
3 months to a year subsequent to employment; (III) a control group 
of 54 pupils of the same age as the apprentices; and (IV) adult workers 
employed in a factory for at least 7 years, examined twice at 3-month 
intervals. The author finds that the second test performance is in every 
instance superior to the first, but that the children in the control group 
show less improvement than the apprentices, although re-tested after a 
shorter interval. However, there is relatively more improvement in the 
case of those testing low on the first performance than in the case of 
those testing high. 

With respect then to the question of how practice affects the degree 
of resemblance of the members of a group there is wide difference of 
opinion. According to some, practice tends to promote the heterogeneity 
of a group, i. e., to separate more widely the performance of the least 
competent from that of the most competent. This would naturally fol- 
low if the effect of practice varies directly with the degree of the 
capacity — the least capable actually profiting less from training than 
the most capable. Under such conditions the haphazard selection of 
workers from the entire range of the distribution would result in a 
growing divergence in production on the part of members of the group 
through successive weeks of practice on the job of the type shown in 
Figure 14. An alternative viewpoint is that practice increases the de- 
gree of resemblance among the members of a group as a result of the 


ue 
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fact that the less competent profit to a greater degree from training 
than the more competent. It is also possible, as Peterson ** has sug- 
gested, that “subjects of normal heterogeneity would become more alike 
with practice on the simpler processes or activities but more different on 
the more complex activities.” The significance of such a conclusion from 
the viewpoint of industrial adjustment has been well stated by the same 
author: “If all vocational activities were arranged in a series from the 
simplest to the most complex, there would be a point in the series for 
a given individual, with given abilities, below which we could advise 
him to choose his line of vocational activities if he would hold his own 
in competition with others. Industrious practice in an activity below this 
point would be rewarded by his becoming more and more like the most 
practiced.” However, neither Peterson’s own results nor those of 
other investigators confirm this compromise position. At the moment 
the applied psychologist can merely accept the facts, developed in con- 
trolled experiments, that as a result of practice individuals generally 
become more and more alike in mental multiplication and more and 
more unlike in addition; more unlike in mathematical calculation than 
in the acquisition of history and language information; that in intel- 
lectual activities there generally appears to be more frequent occur- 
rence of divergence with practice than in such physical activities as ball 
tossing and javelin throwing. Awaiting a final solution of this problem 
the psychologist must avoid generalization and determine under con- 
trolled conditions the effect of practice on resemblance among the 
members of a group with respect to the specific performance in which 
be may be interested. 

3. GENERAL CONCLUSIONS CONCERNING THE INFLUENCE OF HEREDITY 
AND ENVIRONMENT 

The formulation of generalizations from varied data on the in- 
fluence of heredity and environment is fraught with many difflcul- 
ties, both technical and interpretive. The varied character of the 
findings themselves, the technical weaknesses and the difficulties of 
interpretation suggest extreme caution in drawing final conclusions on 
the relative contribution of heredity and environment in the explana- 
tion of human variability. The formulation of hard and fast con- 
clusions may perhaps reasonably furnish occasion for criticism of a 
type which Gilbert has so charmingly embodied in his observation that: 

“Headstrong youths 
Of decent education 
Determine all important truths 
With strange precipitation. 

J. Peterson, “The Effects of Practice on Individual Differences,” 27ik Yr Book, Natl 
Soc. lor the Study ol Ed., Bloomington, 111., 1928, Part II, pp. 228-229. 

Ibid., p. 229. 
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The over-ready victims they 
Of logical illusions 
And in a self-assertive way 
They jump at strange conclusions.” 

At the same time the data seems to have a definite bearing and 
to permit the following broad, and perhaps tentative, generalizations as 
to the influence of nature and nurture in giving rise to individual dif- 
ferences: 

1. Variability in the human race results from the interaction of 
heredity and environment. Neither nature nor nurture alone can explain 
the wide range of differences in mental traits so characteristic of the 
race. 

2. Heredity appears to be the determining factor in accounting for 
individual differences. It seems to set up in a very definite way the limit 
of development on each trait which characterizes the individual. Not 
even the most favorable environment will convert the congenital idiot 
into an adult of average attainment.** Heredity rather than environ- 
ment appears to account for the attainment of men like Lincoln, Car- 
lyle, Dickens, who literally “raised themselves by their bootstraps” 
above the restrictions of impoverished surroundings.*^ 

3. Environment as a general force does, however, make a very 
definite contribution to human variability. Its chief effect may be de- 
scribed as restrictive in character. The depressing effect of a limited en- 
vironment seems more marked than the stimulating effect of an en- 
riched environment. Although the mediocre individual cannot be raised 
to the level of the genius by his surroundings or opportunities, the 
slightly superior individual may never function above the level of 
mediocrity if his environment fails to furnish adequate stimulation for 
the development of his capacities. 

In so far as positive effect is concerned, there seems no justification 
for Watson’s assertion,** quoted on an earlier page, that by providing 
a suitable environment he can make to order, at will, a butcher, a baker, 
a candle-stick maker, aye, even a philosopher and a biologist. 

4. Organized training or practice definitely raises the level of pro- 
ficiency at which a capacity functions. The burden of available evi- 
dence suggests that training does not destroy individual differences or 
materially change the rank of an individual in comparison with those 
around him. It is impossible to generalize on whether practice in- 
creases or decreases the degree of resemblance, i. e., the variability 
within a group. 

•• B. S. Burks, “The Relative Influence of Nature and Nurture upon Mental Develop- 
ment," ink Yr. Book, Natl Soc. for the Study of Ed., Bloomington, 111., 1928, Part I, 
p. 308. 

It U possible, as has been suggested by some investigators, that what appears to be the 
influence of heredity represents merely “sets” established in early infancy. However, avail- 
able evidence does not favor such a generalization. 

** J. B. Watson, op. cit., p. 32. 
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4. SIGNIFICANCE OF THESE CONCLUSIONS FOR INDUSTRIAL PSYCHOLOGY 

These general conclusions on the origin of individual differences have 
a tremendous significance for the application of psychology in in- 
dustry. 

1. In the first place, they justify the use of highly refined procedures 
in the selection of workers to determine the inherent strength and 
weakness of the applicant for emplojunent. There can be no expecta- 
tion of a fundamental change in the capacities of a mature or nearly 
mature individual selected for a job. His happiness, his success or 
failure on the job depend primarily upon a combination or pattern of 
native abilities, present at the time of employment, which are little, if 
at all, subject to change. These facts also make necessary a supple- 
mentary analysis of individual capacity in every instance of transfer 
or promotion to a job involving a change in duties and of qualifications. 
The determination of individual capacity is basic to individual adjust- 
ment in industry. 

2. The fact that performance of individuals at every point in the 
range of capacity improves with practice points to the importance of 
systematically organized training programs designed to promote the 
most effective use of the capacity of every individual in the industrial 
plant. These training programs will furnish systematic instruction in 
such improved techniques and supplementary information as is needed 
for the complete utilization of individual capacity. 

3. The restrictive effect of environment upon the maximum use of 
capacity makes necessary a thorough study of working conditions in 
the industrial plant. The objectives of such a study are the elimination 
of conditions of work which may interfere with the full and easy use 
of capacity, and the substitution for them of conditions favorable to 
the attainment of maximum proficiency and adjustment. 




SECTION TWO 


FITTING THE WORKER TO THE JOB 




VIII. BASIC FACTORS IN VOCATIONAL 
SELECTION 


“My feeling about the fundamental policy of em- 
ployment is that we often stop short in our thinking. 

We buy a machine, you and I. We are, as I have sug- 
gested, very careful about that machine. In the first place 
we do not buy the machine unless we understand it. 

There is not one of us who would think of putting an 
apparatus into our office or shop that we did not under- 
stand. That means that we have given attention to the 
laws of that machine. We know what it can do. We 
should consider ourselves very, very absurd if we put into 
our factory any apparatus about which we could say that 
we had not studied its laws, and did not know how it 
operated, what its capacity of output might be, to what 
extent it would bear overstrain. . . . How many of us 
apply the same kind of thinking to the man or the woman 
we take into our shop, so infinitely more complex a 
machine than the loom or the shaper or the planer 
or the paper machine, — ^an infinitely more complex thing 
with all sorts of qualities to which most of us pay no 
attention. In fact, there is a word we use in that connection 
which by its very use shows the limitation of our thought. 

We say we employ so many ‘hands.’ The very use of the 
word shows that we do not appreciate the situation. We 
are not employing ‘hands’; we are employing brains 
and hearts and dispositions, and all sorts of elements that 
make for personality — ^we are employing them all.” 

— W. C. Redfield, 

“The Employment Problem in Industry” ‘ 

/ 

SELECTION AS A FACTOR IN INDIVIDUAL ADJUSTMENT 

Fitting the worker to the job represents the first and perhaps the 
most important step in promoting individual efficiency and adjustment 
in industry The effect upon the individual of misplacement in work 

^Ann., Amer. Acad. Pol. Soc. Sci., 6S (1916), pp. 10-11. 

*The phrase “fitting the worker to the job,” as well as the term "selection” are used 

ns 
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cannot be over-emphasized. Excessive fatigue, excessive irritation, a 
complete loss of ^notional balance may result from an attempt on the 
part of the worker to continue on a job for which he is not adapted. 
These effects are displayed not only in the factory — in production, in 
contacts with his fellow-workers and supervisors — but they may be 
carried into the home. When carried into the home, they may resifft in 
conflict between husband and wife, and in misunderstanding between 
father and children. The worker on the wrong job suffers not only from 
difflculties in social adjustment; he suffers from reduced earnings; he 
suffers from the probability of increased accidents and from many other 
similarly direct handicaps leading to the creation of a vicious circle of 
“misfortunes” from which he cannot extricate himself. The individual 
loses his job; he is crushed by the wheels of social life. Discouraged and 
embittered, he becomes a burden and a danger to the social body which, 
in the long run, pays a heavy penalty for the failure to settle syste- 
matically the fundamental problem of vocational placement.' 


ECONOMIC FACTORS IN SELECTION 

The cost of maladjustment in industry falls not only upon the in- 
dividual but is reflected directly on the balance sheets of the individual 
industrial organization. Such costs too are of interest to society at 
large, inasmuch as wastefulness in production, whether it be in the 
use of material or of human resources, ultimately expresses itself in 
increased living costs and lowered standards of living.^ In the transpor- 
tation industry alone the waste in cost of accidents which can be avoided 
by the selection of competent operators amounts to millions. The street 
railway company of Paris reports an annual saving of over 1,300,000 

in a broad sense to include both the selection of new employees and the selection of work- 
ers within the organization for transfer and promotion. The treatment of material in 
Section II of this text is oriented from the viewpoint that ‘^scientific employment includes 
not only the selection of new employees, but also the keeping of every position in the or- 
ganization permanently filled with the right kind of man or woman.*’ (R. A. Feiss, “Personal 
Relationship as a Basis of Scientific Management,” Ann., Amer. Acad. Pol. Soc. Sci., 65 
(1916), p. 130.) Transfer and promotion of workers already employed in the organization 
are as important in fitting the workers to jobs as hiring new workers. These aspects of 
placement have perhaps received less consideration than that of initial hiring, but it must 
be realized that the adequate selection of new workers must be supplemented by a sys- 
tematized plan of holding and helping those who Have been selected and of providing ad- 
vancement for them. Provision for transfer becomes particularly important in times of 
economic depression, when it is necessary to shift personnel within the organization as a 
means of retaining employees with long years of service. The rapid replacement of men by 
machines also makes necessary an emphasis upon transfer and promotion as aids in 
promoting individual adjustment and efficiency in industry, and as a means of ensuring 
the stability of the plant and of the entire social body. (For a discussion of the concept 
of placement see C. S. Yoakum, “Psychology of Placement,” in Psychological Foundations 
of Management, (Edited by H. D. Metcalf), Chicago, 1927, pp. 93-114.) 

• H. Miinsterberg, Psychology and Industrial Efficiency, New York, 1913, pp. 35-36. 

« A. W. Komhauser and F. A. Kingsbury, Psychological Tests in Business, Chicago, 1924. 
p. 172. 
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francs through an application of psychological techniques in the selec- 
tion of accident-free motor-vehicle operators.® In the electric utility 
industry the actual cost of a single operating error on the part of an 
electrical substation operator may amount to as much as $80,000.® 
Numerous other examples in the form of cost of spoiled work, lost 
production time, compensation payments for accidents, could be cited 
in illustration of industrial costs which can be reduced by an organiza- 
tion of industry on the principle of every man in the best possible 
place. 


THE EXTENT AND COST OF LABOR TURNOVER 

A major item of unnecessary expense growing out of unsatisfactory 
selection or placement is the cost of labor turnover. A committee of the 
American Management Association has defined labor turnover as the 
extent of shift and replacement of labor occurring in the mmntenance 
of the working force. In general, it is expressed as the ratio of yearly 
or monthly separations to the average number of full time workers for 
that period. There are enormous variations in the extent of labor turn- 
over. At the moment of writing (1932) the monthly labor turnover 
among electrical substation operators employed by one utility (Phila- 
delphia Electric Co.) is less than 1 per cent. Turnover among taxicab 
drivers employed by a large corporation in a nearby city is close to 
10 per cent per week — SOO per cent per year. In both cases there has 
been relatively little change in the percentage since the end of 1929, 
in spite of the marked change in the condition of the labor market.^ 
A study, by Berridge,® of statistics furnished over a period of 10 years 
(1919-1929) by 350 companies employing an average force of 600,000, 
shows an average annual turnover of 48 per cent for the last 5 years 
of this period. Voluntary “quits” constitute 62.S per cent of all turn- 
over. Discharges and layoff constitute about 12.5 per cent of the total, 
the remainder representing increases in force and turnover from other 
causes. 

The seriousness of high labor turnover results partly from its high 
cost to industry and to society. The cost of hiring and “breaking in” 


* J. M. Lahy, La selection psyckophysiologique des travailleurs, Paris, 1927, p. 213. 

® M. S. Viteles, “The Human Factor in Substation Operation,” Pers. Jour., 8 (1929), pp. 
81-113. 

^ The Mayor’s Commission on Taxicabs gives 460 per cent as the annual turnover of one 
big fleet of taxicabs for the first 3 months of 1930, and describe this as typical of fleet 
operation in New York City. The company referred to in its report had an average 
force of 3,924 drivers for the 3 month period. To maintain the force it was necessary 
to hire 5,310 new drivers. In other words, to maintain an average force of 3,924, it would 
be necessary for the fleet to hire approximately 18,000 new drivers per year. {The Taxicab 
Industry in New York City, Reprint of the Mayor’s Commission on Taxicabs, New York, 
1930. See Taxi Weekly, October 6, 1930, p. 3.) 

•W. A. Berridge, “Measuring Labor Turnover,” Pers. J., 8 (1929), pp. 197-206, 
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a new employee has been variously estimated at from $30,00 to $300.00, 
depending upon the kind of work, the character of training, the cost 
of spoiled work, etc. A recent report gives the following as the figures 
supplied by one employment manager for the cost of hiring and 
training: ' 


(1) Inexperienced workers who have had no previous 

experience $239.00 

(2) Semi-skilled workers with previous experience, but 

no knowledge of the job to which they are 
assigned 190.00 

(3) Operators skilled on operations for which they have 

been hired; employees who are rehired; workers 
transferred from other factories 24.00 


Among detailed investigations of the cost of turnover is an early 
study by Alexander,^® who surveyed 12 plants, located in 6 states, 
employing skilled and unskilled operators of both sexes in the manu- 
facture of steam engines, electric^ apparatus, fine tools, etc. A study 
of the cost of hiring these employees reveals the distribution of expense 
items for various types of employees as shown in Table 12. 

In January, 1912, 37,274 employees were on the payrolls of the 
plants included in the study. During this year there was an increase .of 
6,697, bringing the total number employed at the close of the year to 
43,971. During the same year 42,571 people had been hired. In other 
words, about 6| as many people had to be hired as were required to 
meet the needs of the plants for new employees. By assuming that a 
certain percentage of replacement is due to such unavoidable causes 
as sickness, death, normal fluctuation of production, and allowing 80 
per cent as a readily attainable efficiency of an employment department, 
Alexander reaches the conclusion that 22,031 people were employed 
above the apparently necessary withdrawals and replacements in these 
plants. When this figure is multiplied by the average cost for hiring the 
employees in various types of work, it appears Aat the unnecessary 
employment of 22,031 workers within one year in 12 factories in- 
volved an economic waste of $831,030.00, without allowing for in- 
creased overhead resulting from equipment which remains unused while 
the job is being filled. 

According to Fisher and Hanna “ it is estimated that from 20 to 
25 million workers change jobs annually. Assuming that the average 
“breaking in” cost per worker is $45.00, the country is paying $900,- 
000,000.00 each year for re-orienting workers who leave their jobs. 



FACTORS IN VOCATIONAL SELECTION 117 


THE FUNCTION OF THE EMPLOYMENT DEPAKTMENT IN SEDUCINO LABOR 
turnover 

Turnover results from a variety of causes. It naturally varies with 
jobs, wages, section of the country, season of the year, economic con- 
ditions, etc., but dissatisfaction of the worker or employer — resulting 
from the unfitness of the worker for the fob — ^is unquestionably a major 
cause. In addition, the placement of the unemployed worker, regard- 
less of the cause of separation, involves a determination of fitness for 
particular kinds of work. Economic waste resulting from turnover can 
be largely avoided through the initial placement on each job of in- 
dividuals competent to perform the operations of that job. 

TABLE 12 


Cost of Labor Turnover 



NEW 

EMPLOYEES 

WEAR AND 

REDUCED 

SPOILED 


RE-BIRED 

employees 

TYPE OF WORK 

HIRING 

INSTRUCTION TEAR 

PRODUCTION 

WORK 

TOTAL 

TOTAL 

Highly skilled 

$0.50 

$ 7.50 

$10.00 

$20.00 

$10.00 

$48.00 

$10.00 

Skilled 

.50 

15.00 

10.00 

18.00 

15.00 

58.50 

20.00 

Semi-skilled 

.50 

20.00 

10.00 

33.00 

10.00 

73.50 

35.00 

Unskilled 

.50 

2.00 

1.00 

5.00 

• « • • 

8.50 

5.00 

Clerical 

.50 

7.50 

1.00 20.00 

(After Alexander) 


29.00 

10.00 


The elimination of such waste is one of the chief reasons for the 
existence of the Personnel Department, to which industry has assigned 
the specific function of “finding the right worker for the right job.” 
The procedures employed by such departments in achieving this ob- 
jective vary widely both in nature and validity. At one extreme is 
the amusing example of the haphazard method of selecting workers 
graphically described by Link. “One large manufacturing concern,” 
he writes, “has appointed as monarch of the ‘hiring-on-window’ a man 
who had the misfortune to lose a leg in the company’s employ. As a 
consequence of this loss he was given his present life job which he 
performs to the queen’s taste. He was induced to describe his methods 
and they were something as follows. ‘On Monday I turns down all the 
men with white collars, on Tuesdays all with blue eyes, Wednesday all 
with black eyes. Redheaded men I never hires, and there do be days 
when I have a grouch and hires every tenth man.’ ” This is perhaps 
an exaggeration, but it illustrates a point of view which still persists in 
many industrial plants in spite of recent advances in the field of per- 
sonnel administration. At the other extreme is the organization wi& a 
well established, centralized personnel department that makes use of 
detailed job specifications, application blanks, prolonged interviews. 

Link, Employment Psychology, 1919, New York, pp. 13-14. 
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psychological tests, and other available scientific techniques in selec- 
tion, transfer, and promotion. 

Between these two extremes is a vast confusion of viewpoints and 
procedures for selection. Italians are refused employment by one taxi- 
cab corporation because of their susceptibility to accident, while its 
neighbor, with offices not more than a mile away, gladly hires Italians 
and refuses employment to the Irish for the same reason.^* The of- 
ficers of neither would permit a minor change of an inch or two in the 
diameter of the steering wheel without investigating its possible effects 
upon operation, but they blithely adopt major personnel policies with- 
out thought of their experimental justification. ‘‘Snap judgments,” 
“hunches,” “intuitive judgment of men,” and “first impressions” rep- 
resent the tools of employment managers, when they are not depending 
upon the equally unreliable, but perhaps outwardly more impressive 
criteria of shape of head, protuberance of cheek bones, color of hair, 
and texture of skin. Miinsterberg at one time complained that em- 
ployment managers seem particularly susceptible to pseudo-scientific 
theories, on the basis of which they become convinced that they are 
selecting men with special skill, knowing for each in which department 
he will be most successful. Miinsterberg’s criticism is perhaps harsh, 
and the readiness with which such theories are accepted is perhaps 
merely an indication of the need which is felt for more exact methods 
of selection than the employment manager ordinarily has at his dis- 
posal. At the same time, the uncritical acceptance of such theories re- 
sults in gross injustice both to the individual worker and to the in- 
dustrial organization. 

SCIENTIFIC METHOD IN VOCATIONAL SELECTION 

The chief purpose of the application of psychology in selection is 
to develop experimentally validated methods with known predictive 
value or forecasting efficiency in fitting workers to jobs. The first step 
in the development of such techniques must take the form of an evalua- 
tion of traditional methods in selection. It is quite possible, for example, 
that Italians or Irish are actually more susceptible to accidents than 
other groups. The interviewer may perhaps become as skilled in the 
recognition, at sight, of more commoh behavior tendencies as the 
physician is in the diagnosis of certain diseases. The application blank, 
under certain conditions, may be more valuable than the psychological 
test. The experimental examination of these, and other tools of the em- 
ployment manager, represents a necessary step in the development 
of scientific selection methods. The result of such experimental studies 
will be briefly described in Chapter X. 

The evaluation of traditiond methods is followed by the develop- 

w See Chapter XVIIl, pages 3S4-S6. 

H. Munsterberg, op, cU., pp. 13-14. 
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ment of other techniques to supplant or supplement available pro* 
cedures which are inadequate in fitting workers to jobs. Such tech- 
niques, whether they be elaborations of traditional methods or entirely 
new procedures, are concerned primarily with (1) measurement of in- 
dividuai differences, and (2) prediction of vocational success or failure, 
a statement of the chances for success or failure on the part of an 
individual who has not had an opportunity to practice the operations 
of the job under the conditions as they exist. A significant feature of 
scientific vocational placement is that it represents *‘an effort to replace 
uncertainty, chance and guess by relative certainty and predetermined 
results.” It is an effort to stack the odds against failure on the part 
of the worker, to increase the chances of success and adjustment by an 
exact determination, prior to placement, of his fitness for the job. 

PROBLEMS IN THE MEASUREMENT OF VOCATIONAL FITNESS 

The Traits to be Measured 

Fitness for work refers to that combination of traits which will 
enable the individual to adjust himself satisfactorily to the working 
situation. In general, the object of scientific selection is to place on 
each job a worker who can maintain a given output with the least pos- 
sible expenditure of energy *® and who will be least susceptible to 
maladjustment. * ^ 

Fitness for work is determined first of all by the physical char- 
acteristic of the individual, that is, general soundness of body and 
limbs, height, weight, etc. These will not be discussed in detail in this 
volume. In addition, as will appear more clearly in Chapter X, certain 
personal characteristics such as age, marital status, number of children, 
place of birth, etc., apparently have a determining influence in adjust- 
ment to certain kinds of work. The major factors in individual fitness 
for specific jobs are (1) proficiency, (2) competency, (3) tempera- 
ment and character, and (4) interest. 

IB H. S. Person, “Major Problems of Management,” in Scientific Foundations of Business 
Administration (Edited by H. C. Metcalf), Baltimore, 1926, p. 247. 

B. Muscio, Lectures on Industrial Psychology, London, 1920, p. 104. 

See Chapter XXVI. 

The problems involved in measuring fitness for work cannot, of course, be completely 
separated from those of maintaining fitness at work, considered in Section III. In addition 
to determining fitness, conditions of work must be so arranged that they will require the 
least possible expenditure of energy, so that fitness can be most easily maintained. 
As Scott, Clothier and Mathewson have pointed out, “personnel management is not merely 
a problem of discovering the right man for the right place, — the somewhat obsolete con- 
ception of square pegs for square holes. . . . Industry cannot merely bring two rigid, inelas- 
tic units together which are so shaped that they will fit, for the worker and his job cannot 
be separated into units. Both are plastic and changing in themselves, the job exercising 
an influence on the worker and likewise the worker influencing the work. . . . The task of 
management is to make every worker-in-his-work unit as effective as possible.” (W. D. 
Scott, R. C. Clothier and S. B. Mathewson, Personnel Management, Rev. Ed., New York, 
1931, pp. 8-18). Procedures for maintaining optimal effectiveness, broadly dc^ed, are 
discussed in Section III. 
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PROFICIENCY AS A FACTOR IN VOCATIONAL SELECTION 

The selection of workers for certain jobs is determined in part by 
the attained pro&iency of the individud in performing the duties of 
that job. So, for example, the selection of a prospective stenograi)her 
is partly dependent upon whether she already has acquired the desired 
speed and accuracy in taking and transcribing dictation. This also ap- 
plies to many other jobs in the field of office work, such as comptom- 
eter operating, typing, Hollerith machine operating, etc. It is unusual, 
in the field of taxicab operation, to hire a driver unless he already 
possesses a high degree of skill in the operation of a motor vehicle. 
Although some firms hire and train apprentice machinists and tool 
makers, others demand only proficient workers who, through suitable 
training and experience, have acquired the necessary skills for perform- 
ing satisfactorily the work required of them. The determination of 
proficiency in many varied activities represents, therefore, a basic 
problem in fitting workers to jobs. 


THE PLACE OF COMPETENCY IN VOCATIONAL SELECTION 

Competency, in so far as the work situation is concerned, may be 
defined as the potentiality of an individual for learning and becoming 
proficient in some particular job. It represents the individual’s capacity 
to acquire the knowledge and skill necessary for successful achieve- 
ment on the job.** 

Many terms have been used in referring to this potentiality for 
vocational success or failure. Capacity, ability, trait, aptitude, and even 
intelligence and general intelligence have been used interchangeably 
with reference to this aspect of individual make-up. In this discussion 
of vocational fitness the term competency will generally be employed 
in referring to the trainability and perfectability of the individual in 
particular kinds of activities — in activities as widely varied as the 
operation of a punch press and the leadership of an industrial organiza- 
tion. Employed in this sense, competency may be conceived as a com- 
plex pattern of abilities, either general or special. These abilities may be 
viewed as combined in a summative fashion, if one adopts an analytic 


The author follows Pear in defining skill as the integration of well adjusted perform- 
ances adapted under varying situations to the attainment of desired results. It is the congeries 
of habits developed and integrated through practice into a unified pattern of behavior 
suitable for meeting the needs of the task. Habit represents efficiency in the specific opera- 
tion; ability, a level of functioning developed largely by practice; and capacity, inherent 
mechanism. Skill is an integration of well-adjusted performance — a pattern of performance 
characterized by complexity, integration, and adaptability to changing situations, the apti- 
tude for which is based upon well co-ordinated reflexes, instincts suitable to the task, 
adaptive habits, and the power, or maybe powers, of patterning. (See T. H. Pear, Fitness 
for Work, London, 1928, p. 187; “TTie Nature of SkiD,” /. Nat. Inst. Ind. Psych., 4 
(1928), pp. 193-202; “SkUl,” /. Pers. Res., S (1927), pp. 478-389.) 

C. L. Hull, Aptitude Testing, Yonkers, N. Y., 1928, p. 50. 
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viewpoint in the treatment of competency, or in a configurative man- 
ner, if one emphasizes the more recently developed gestalt viewpoint 
in psychology.*® In general, the term ability is used in the same sense 
as that in which Pear employs the word “capacity’’ — as referring to the 
inherent mechanisms of mental activity and of human response. 

However, in spite of the author’s preference for this terminology, 
there will be no attempt to cut through the Gordian knot of disagree- 
ment in the use of concepts in the presentation of data in his text. In 
general, in discussing the work of particular investigators, the author 
will use terms employed by the investigator in the distinctive sense in 
which he himself uses them. The attempt to translate these various ap- 
proaches into a common terminology can only result, in the opinion 
of the author, in a distortion of the viewpoints of individual investi- 
gators. 

The Significance of General Intelligence 

Among fundamental problems in the measurement of vocational 
competency is the significance of general intelligence in determining 
fitness for the job. The rapid rise of industrial psychology in the United 
States after the war is associated with the extensive use of the army and 
other general intelligence tests in the selection of workers. This move- 
ment received supix)rt from the study of intelligence levels of men 
employed in various occupations. The results of one such study are 
presented in Figure 15, which gives the median score and the range 
of the middle 50 per cent of scores on the Army tests of a number of 
occupational groups, including a total of over 18,000 workers.*^ 

The chart shows, for example, that the median score of barber is 
C — ; that of general auto repair man C; and that both of these are con- 
siderably below the median score of accountants, B, and of engineering 
officers. A.** The range of the middle SO per cent of scores of barbers 
is from C to D, whereas that of accountants is from C + to A. In other 
words, less than 25 per cent of accountants have a general intelligence 
level as low as that which characterizes 75 per cent of the barbers. A 
further analysis shows that although 90 per cent of the chaplains, 95.9 
per cent of the engineering officers, and 77.5 per cent of the medical 
officers are found at the general intelligence levels indicated by the 

20 M. S. Viteles, “Die ‘Gestalt^ Betrachtungsweise in der angewandten Psychologic,” Z. 
ang. Psych., 35 (1930), pp. S2S-31, 

21 See also D. Fryer, “Occupational Intell^ence Levels,” Sch. and Soc., 16 (1922), pp 
273 £f. 

Score 

Intelligence Grade Definition Army Alpha Army Beta 

A Very superior 135-212 100-118 

B Superior 105-134 90- 99 

C -+• High Average 75-104 80- 89 

C Average 45- 74 65- 79 

C— Low Average 25- 44 45- 64 

D Inferior 15- 24 20- 24 

D — Very Inferior 0-14 0-19 
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ratings A and B, dnly 9.5 per cent of carpenters, 9.2 per cent of paint- 
ers, 6.9 per cent of the barbers attain those levels of intelligence.^* 
Such figures have been accepted as an indication that there exists a 



Figure IS. Occupational Intelligence Ratings 
Letter grades on horizontal scale. Length oj bar for each occupation is 
mid-range oj SO per cent; median point is shown by a cross line 

(From Memoirs of National Academy of Sciences, Vol. XV) 


selective process which tends to prevent men of low intelligence from 
satisfactorily filling certain jobs, which favors men of high intelligence 
for such jobs, and vice versa.^* A study by Bills of 133 clerical 
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workers, in which the correlation between intelligence and the difficulty 
of the work performed was found to be +0.22, represents evidence of 
another kind pointing to the existence of such a tendency. For the group 
remaining in employment after a lapse of 2i years, the correlation was 
+ 0.41, indicating that those scoring low in intelligence tended to leave 
the jobs which were too difficult and that those high in intelligence 
tended to leave jobs which were too easy. A similar relationship has 
been observed by the author in a study of cashiers in a department 
store.^^ Such findings suggest that it is important to determine the 
minimum intelligence requirement for each occupation and to employ 
some measure of general intelligence in finding out whether the indi- 
vidual meets this requirement. In addition, variations in efficiency and 
satisfaction paralleling clianges in test scores suggest the possibility of 
making use of critical scores in gauging the probabilities for an indi- 
vidual at a given intelligence level to be successful in a given job. 

Studies of the relationship between general intelligence and success 
in specific jobs have lent further support to the procedure of gauging 
general intelligence in determining vocational fitness. Bills,^^ for ex- 
ample, has found that 8 secretaries rated as ‘‘good’’ make an average 
score of 144 on a general intelligence test. Of IS stenographers, those 
rated as “good” make an average score of 110; those rated as “getting 
by,” 65; and those “failing,” 63. Scudder^® has employed an intelli- 
gence test in examining 262 veterans taking a course in bookkeeping 
and accounting. The median score of those who finished the course was 
found to be 142; for those who failed to complete, the median score 
was 112. A follow-up approximately 3 years after the completion of 
the course showed that of the 103 remaining in employment at this 
time, the average monthly increase in wages for the upper ten (in 
general intelligence score) amounted to $145.00, for the middle ten, 
$73.00, and for the lowest ten, $41.00. Kornhauser has given a gen- 
eral intelligence test to several small groups of employees and found 
close agreement between test scores and the estimated ability of work- 
ers by their supervisors. In the case of one group there appared an al- 
most consistent decrease in the per cent leaving the company with 
increasing test scores, although in another the same relationship be- 
tween general intelligence and turnover existed which has been re- 
ported by Bills and by Viteles. Filer and O’Rourke have reported the 
satisfactory use of genereil intelligence (general adaptability) tests as 
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part of the examination for office positions given by the United States 
Civil Service CoOunission.**’ From a survey of tests for office occupa- 
tions Komhauser and Eangsbury have concluded that “in the case of 
tests for clerical work, results ^ve consistently pointed to the value 
of general intelligence tests and adaptations of these in predicting 
success.” 

Somewhat similar results have been reported in the case of a number 
of non-office occupations. Wembridge found a correlation of -f- 0.51 
between a generid intelligence test, modelled upon Army Alpha and 
Beta, and proficiency of machine operators in a clothing plant. From a 
study of over 600 boys receiving trade training in state schools 
Cowdery** has concluded that general intelligence influences trade 
success. The degree of influence differs in the various trades. In gen- 
eral, the number of cases in each group is small and the coefficients of 
correlation low. Terman ** has suggested that no applicant with an 
I.Q. below 80 be accepted for the positions of policeman and fireman, 
although there is no clear indication of the relationship between success 
on these jobs and the minimum or higher I.Q. Alderton recommends 
a minimum I.Q. of 85 in selecting junior employees for retail stores. 

The Limitations of General Intelligence as a Factor in 
Vocational Fitness 

' In spite of the results cited above, there seems reason to believe 
that general intelligence exercises a very limited influence in determin- 
ing occupational success. In the first place, Figure 15 shows that the 
median intelligence and the range of the middle 50 per cent of general 
intelligence test scores on such varying jobs as bricklayer, cook, 
baker, general machinist, shop carpenter, and of workers in a number 
of other trades are approximately alike. If vocational competency were 
to any large extent determined by general intelligence, it could be 
predicted that everybody who has a rating of C on the Army general 
test would make an equally good bricklayer, cook, baker, or general 
machinist. It is a matter of common experience that many bricklayers 
cannot be trusted to prepare a satisfactory meal, even after much 
training, and that many first class chefs could be taught bricklaying 

•®H. A. FUer and L. J. O’Rourke, “Progress in Civil Service Tests,” /. Pars. Res., 1 
(1923), pp, 484-520. See also Annual Reports by L. J. O’Rourke, Director of Research, 
United States Civil Service Commission, 1923 to 1931, inclusive. 

“ A. W. Komhauser and F. A. Kingsbury, Psychological Tests in Business, Chicago, 1924, 
p. 99. 

“ H. A. Wembridge, “Experiment and Statistics in the Selection of Employees,” Quat. 
Pub. Amer. Stat, Assoc., 18 (1923), pp. 600-606. 

** K. M. Cowdery, “Measures of General Intelligence as Indices of Success in Trade 
Learning,” /. App. Psych,, 6 (1922), pp. 311-329. 

M. Terman, “A Trial of Mental and Pedagogical Tests in a Civil Service Examina- 
tion for Policemen and Firemen,” J. App. Psych., 1 (1917), pp. 17-29. 

'*C. C. Alderton, “Store and School: Factors in the Success of Department Store 
Workers,” Pers. J., 9 (1930), p. 321. 
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for many years and would never succeed in aligning properly a row of 
bricks. The figure also shows an enormous amount of overlapping in 
the general intelligence test scores of diverse occupations. Although 
the median general intelligence level of engineers is A, and that of pipe 
fitters C, there are pipe fitters who have A ratings in general intelli- 
gence and who, as far as is known, are efficient and well adjusted in 
their jobs. There are dentists with ratings below C, which is the median 
for painters. It is possible that such dentists are not successful, but 
there is no direct evidence to this effect in available data. It is likely 
that the probability for success in dentistry of an individual with an 
intelligence level of C is lower than that of an individual with an in- 
telligence level of A, but on the other hand, this is no reason for be- 
lieving that the individual with the intelligence rating of A will be less 
well adjusted in the occupation of painter than the individual with the 
intelligence rating of C. 

These general considerations are supported by available evidence on 
the relationship between general intelligence test scores and success 
on a variety of jobs. Otis reports no agreement between intelligence 
test scores and production records of 400 employees in a silk mill. 
Thurstone has found general intelligence tests of no value in diag- 
nosing ability to learn telegraphy. On the basis of careful study of a 
variety of factory jobs, including inspecting, gauging, assembling, tool 
making, etc.. Link*® has reached the conclusion that the standard 
general intelligence test has no significance in predicting success in 
these t 3 ^es of work. The same conclusion has been reached by 
Viteles ®* in the case of motormen, by Pond in the case of tool- 
making apprentices, by Taylor in the case of compositors’ appren- 
tices, etc. A very striking confirmation of the limited influence of gen- 
eral intelligence upon success is found in a recent study by Unger and 
Burr,®* involving a determination of the proportion of successes and 
failures of girls at a variety of mental age levels in packing jobs, mis- 
cellaneous light factory work, assembly work, garment machine oper- 
ating, filing, clerical work, etc. The results, illustrated in Table 13, show- 
ing the proportion of successes and failures at each mental age level for 

A. S. Otis, “The Selection of Millworkers by Mental Tests,” J. App. Psych,, 4 (1920), 
pp. 339-41. 

L. Thurstone, “Mental Tests for Prospective Telegraphists,” J. App, Psych., 

3 (1919), pp. 110-117. 

s*H. C. Link, “Psychological Tests in Industry,” Ann. Amer. Acad. Pol. Soc. Sci., 
no (1923), pp. 41-43. 

M. S. Viteles, “Research in the Selection of Motormen,” J. Pers. Res,, 4 (1925), 
pp. 193-195. 

’*0 M. Pond, “Selective Placement of Metal Workers,” J. Pers. Res., 5 (1927), pp. 345-68; 
405-17; 452-66. 

A. D. Taylor, “Intelligence of Young Printers,” Pers. /., 8 (1929), pp. 29-35. 

£. W. Unger and £. T. Burr, Minimum Menial Age Level of Achievement, Albany, 
1931, pp. 108. 
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413 packing jobs, are characteristic of the findings of this study. In the 
case of executives, Bingham and Davis have shown that for 102 in- 
dividuals scoring above the Army median score on a general intelligence 
test of the Army type the correlation between general intelligence 
score and business score is — 0.10, and have concluded that “superior- 
ity in intelligence, above a certain minimum, contributes relatively less 
to business success than does superiority in several non-intellectual 
traits of personality.” 


TABLE 13 

TAe proportion of successes and failures at each mental age level for 

413 packing jobs 


SmfTAZ. AGE 

TOTAL 

NUMBER 

NUMBER 

PER CENT 

NUMBER 

PER CENT 


CASES 

SUCCESSES 

SUCCESSES 

FAILURES 

FAILURES 


AT M.A. 

AT M.A. 

AT M.A. 

ATMJ^. 

ATMJh. 

S- 5.11 

1 

1 

100 



6- 6.11 

5 

4 

80 

i 

20 

7-7.11 

13 

13 

100 



8- 8.11 

48 

46 

96 

2 

4 

9-9.11 

67 

65 

97 

2 

3 

10-10.11 

82 

78 

95 

4 

5 

11-11.11 

58 

57 

98i 

1 

4 

12-12.11 

S3 

52 

98 

1 

2 

13-13.11 

. . 42 

42 

100 



14-14.11 

20 

19 

95 

i 

5 

15-15.11 

9 

9 

100 

A * 


16-16.11 

11 

11 

100 

• • 

• • 

17-17.11 

3 

3 

100 

• • 

• • 

18-18.11 

1 

1 

100 

• A 

• • 


- — 

— 

— 



Total 

... 413 

401 

97 

12 

3 


(After Unger and Burr) 




Minimum General Intelligence Levels 

Allhough there is growing agreement on the limited influence of gen- 
eral intelligence score in determining the success of groups in specific 
jobs, there is still a tendency to attach considerable importance to 
minimum intelligence level as a significant factor, althou^ little has 
been done to establish valid minimum intelligence levels for individual 
jobs. Occupational groupings on the basis of I.Q. and Mental Age have 


** W. V. Bingham and W. T. Davis, “Intelligence Test Scores and Business Success.” 
J. App. Psych., 8 (1924), pp. 1-22. ’ 
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been prepared by Burt/* Fryer/® Awaji/® and others, but these are 
not helpful in the selection for particular jobs. In specific Jobs for 
which minimum levels have been established, the level proves to be so 
low as to have little practical significance in the selection of workers 

TABLE 14 

Lowest mental age that will succeed at each type of work 

MINIMUM MENTAL AGE LEVEL 

5 6 7 8 9 10 11 

Packing Misc. light Assembling Cutting Hand sew- Clerical Sellmg 

factory Errand girl Folding ing 

Examining Garment Press oper- 

Pasting machine ating 

operating Filing 

Stock girl 

(After Unger and Burr) 

for industry.*^ This appears clearly in Unger and Burr’s ** study, 
which leads to the classification of minimum mental age levels shown 
in Table 14. Such results suggest that the minimum intelligence level 
is probably a significant factor in the placement of the border-line 
deficients and the feeble-minded in many jobs. However, the propor- 
tion of such deficients in the population is so small, and industry has 
so wide a possible choice from levels above the minimum that, as a 
practical matter, the minimum intelligence level would appear to have 
little direct bearing upon the selection of competent workers in the 
majority of jobs. There still seems reason to believe that in the case of 
jobs at the professional level, and in the case of certain office and tech- 
nical jobs, intelligence level is a significant factor. For this reason, 
general intelligence may also be viewed as an important factor in 
promoting workers to advanced positions within the organization. In 
hiring new workers for the large proportion of jobs in industry, the 
concept of minimum intelligence level is of little significance. 

The Nature of General Intelligence 

The limitations of general intelligence measurement follow largely 

from the nature of general intelligence. Many attempts have been 

/ 

**C. Burt, “The Principles of Vocational Guidance,” Brii. J. Psych., 14 (1923-24), 
pp. 336-352. 

D. Fryer, “Occupational Intelligence Standards,” Sch. and Soc., 1922, pp. 273 ff. 

*®Y. Awaji, “Intelligenzprufung im Japanischen Heere,” Z. ang. Psych., 30 (1928), 

pp. 81-118. 

Burr, “Minimum Intelligence Levels of Accomplishment in Industry,” J, Pers. 
Res., 3 (1924), 207-12. 

*8 E. W. Unger and E. T. Burr, op. cH., p. 93. 
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made to define general intelligence. A survey of views expressed by dif- 
ferent authors leaves the reader with the impression of a bewildering 
confusion and incompatibility of thought. Hardly any two investi- 
gators have agreed on a definition of this term, except when so vaguely 
stated as to 1^ almost completely devoid of significance.'*® Among the 
definitions which have been suggested are “capacity to acquire capac- 
ity,” “the ability to carry on abstract thinking,” “a common average of 
many different factors,” “the capacity to inhibit instinctive behavior 
in an unfinished stage of its formation,” and “to modify it at that stage 
by means of an imaginal stimulus which is relatively remote from that 
which is immediately and perceptually present.” So diverse are these 
opinions that many engaged in measurement of general intelligence 
have reached the conclusion that the wisest procedure is to apply the 
tests which have been devised without attempting to describe what the 
tests measure. The criterion in this approach is the consistency in the 
value of results obtained by applying the measure of general intelli- 
gence without regard for its nature. The precedent for using measures 
in this way is found in the prevalent use and measurement of electric 
energy without a knowledge of the essential nature of electricity.®^ 

In spite of this diversity of opinion, the fact that general intelligence 
results have been more valuable in producing success in academic work 
than in any other field is rapidly leading to an acceptance of the view- 
point that this type of test measures essentially the capacity to learn 
academic school subjects and that general intelligence, in so far as it 
is measured by standard tests, refers to the resources of the individual 
which determine the degree of excellence in intellectual attainment. As 
Paterson and his associates have pointed out, this is the generally 
accepted definition of general intelligence evolved in the course of at- 
tempts to measure it. “Intelligence characterizes individuals who suc- 
ceed in intellectual activities — that is, individuals who make good 
school progress, who master certain academic subjects, who achieve 
success in the arts or in the learned professions, or, in general, who are 
skilled in complex situations requiring the manipulation of symbols.” 

This concept of general intelligence naturally limits the value of its 
measurement in vocational selection, incismuch as there exists a wide 
range of occupations in which intellectual attainment is a relatively un- 
important and even negligible factor in* successful achievement. It is 
true that the abilities required for academic attainment or school suc- 
cess are likewise required in certain jobs, as in many of the other 

McFarlane, “A Study of Practical Ability,” Brit, J. Psych,, Monog, SuppL, 8 
(192S), p. 4. 

“Symposium on Intelligence and its Measurement,” J, Ed. Psych., 12 (1921), pp. 
123-147, 195-216, 271-275; J. Peterson, Early Conceptions and Tests of Intelligence, 
Yonkers, N. Y., 1925, pp. 320. (See particularly Chapter 13.) 

C. H. Griffitts, op. cit., p. 291. 

D. G. Paterson, R. M. Elliott, L. D. Anderson, H. A. Toops, E. Hcidbreder, Minne- 
sota Mechanical Ability Tests, Minneapolis, 1930, p. 6. 
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varied activities of daily existence. To this extent general intelligence 
must be considered in determining vocational fitness. In others, scho- 
lastic ability plays no part in achievement. The prediction of success in 
these must depend upon the measurement of abilities other than those 
tapped by the ordinary general intelligence examination. The problem 
becomes that of discovering the combination of specialized abilities 
which characterizes each occupation and of providing means of observ- 
ing or measuring these as a way of determining fitness for work. 

The Significance of Other Abilities 

The need for measuring such other abilities receives further support 
from experimental research on the nature of general intelligence and 
of its relation to other abilities. One prevailing concept of general in- 
telligence is that of Spearman,®* who has looked upon it as a basic men- 
tal function appearing in many diverse mental processes. Each activity, 
according to this investigator, involves the functioning of two factors 
— a factor specific to each activity and a general factor “g” which 
appears again and again in many different intellectual activities. The 
general factor, or “g,” is described as the most important influence in 
determining the level of performance in such diverse activities as prog- 
ress in school and in the simple act of discriminating nearly identical 
tones.®^ It is responsible for the quantitative aspect of the mental 
process, while the specific factor accounts for its qualitative aspect, 
although the relative influence of the two, according to Spearman, 
varies with respect to the character of the activity.®® This viewpoint, 
carried to its logical conclusion, makes “general intelligence” the pre- 
dominating factor in the majority of activities and establishes a theo- 
retical basis for its measurement as a fundamental approach in deter- 
mining vocational fitness. This implication of Spearman’s theories is 
expressed in a recent article by Earle, who points out that if “g” is 
taken to be roughly equivalent to the “general intelligence” which is 
universally presupposed in successful work “it often occurs . . . that 
a person with a high endowment of intelligence, who lacks a high de- 
gree of the specific ability needed for a particular job, will succeed in 
the task equally with one who possesses only low intelligence but 
greater specific ability.” ®® 

The antithesis of Spearman’s position on the nature of general in- 
telligence is to be found in the viewpoint of Thorndike,®^ who in 1909 
published results of an investigation (carried out in association with 

C. E. Spearman, “General Intelligence Objectively Determined and Measured,” Amer, 
J. Psych., IS (1904), pp. 201-293; “The Theory of Two Factors,” Psych, Rev., 21 (1914), 
pp. 101-115. 

^*Ibid., p. 274. 

C. E. Spearman, Nature of Intelligence, London, 1923, pp. 65-66. 

^®F. M. Earle, “Vocational Testing in Relation to Professor Spearman’s Theories,” 
/. Natn Inst. Ind. Psych., 3 (1927), p. 416. 

E. L. Thorndike, W. Lay, P. R. Dean, “Relation of Accuracy in Sensory Discrimina- 
tion to General Intelligence,” Amer. J, Psych., 20 (1909), pp. 364-369, 
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Lay and Dean) that appeared to be in contradiction with the con- 
clusion reached by Spearman concerning the significance of a common 
or general factor. These results led him to “reject Spearman’s doctrine 
of the presence of a general factor which permeates all mental activ- 
ities in favor of the view that there is but slight connection between 
different forms of mental ability.” In so far as the nature of general 
intelligence is concerned Thorndike draws the conclusions that “the 
present results support the contrary hypothesis that the efficiency of a 
man’s equipment for the specifically human task of managing ideas is 
only loosely correlated with the efficiency of the simpler sensori-motor 
apparatus which he possesses in common with other species,” and that 
“in general there is evidence of a complex set of bonds between the 
psychological equivalent of what we cdl the formal side of thought 
and what we call its content, so that one is almost tempted to replace 
Spearman’s statement by the equally extravagant one that there is noth- 
ing whatever common to all mental functions.” 

Essentially, Thorndike’s conclusion is that the general intelligence 
of the individual is determined by the diversity of specific abilities 
which enter into a given performance. In this sense general capacity 
or intelligence is the average of many different specific abilities. At the 
s^e time, Thorndike, in the earlier statements of his theory, showed 
virtual agreement with Spearman with respect to the importance of 
general intelligence in determining individual adjustment to the very 
many diverse activities of daily life. However, the level of performance 
is for^ Thorndike determined not by “some general power which re- 
sides in him,” but results from the fact that in human nature good 
traits tend to go together, so that the individual who rates high in one 
trait will tend to rate high in others, and therefore shows superiority 
in many diverse, unrelated activities. 

These contradictory theories, diametrically opposed as origi nall y 
stated, have undergone very pronounced modification in the hands of 
their originators and as a result of experimental investigation by 
Thomson,®® Kelley,®® Hull,®^ and others. It is unnecessary, 
within the scope of this volume, to include a discussion of these ex- 
perimental studies or a comparison of the detailed characteristics of 
each. Burt’s results, for example, demonstrated that special abilities, 

»• M. McFarlane, “A Study of Practical Ability,” Brit. J. Psych., Monog. Suppl. 8 (192S), 

p. 6. 

••E. L. Thorndike, W. Lay, P. R. Dean, op. cil., pp. 367-368. 

•®E. L. Thorndike, “On the Organization of the Intellect,” Psych. Rev., 28 (1921), pp. 
139“lSl. 

Burt, “Experimental Tests of General Intellipence,” Brit. J. Psych. 3 (1909), 
pp. 94-177 ; Mental and Scholastic Tests, London, 1921, pp. 432. 

•*G. H. Thomson, “A Hierarchy Without a General Factor,” Brit. J. Psych., 8 
(1916), pp. 271-281 ; “General versus Group Factors in Mental Activities,’* Psych. Rev.. 
21 (1920), pp. 175-190. 

T. L. Kelley, Crossroads in the Mind of Man, 1928, pp. 238. 

CL. Hull, op.cii. 
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instead of being absolutely specific or of a very narrow range, spread 
over a wide distribution of school subjects, so that they can be ar- 
ranged in groups described as arithmetic^, manual, linguistic, and 
composition, respectively.”*^ Instead of regarding intelligence as the 
effect of a general factor and an infinite number of independent specific 
factors, Burt regards it as a highly organized system within which 
may be distinguished the common factor referred to, and many other 
factors of greater or less influence, some of which are knitted together 
in complex fashion. Thus he says: “We are led to infer that dl the 
functions of the human mind, the simplest and the most complicated 
alike, are probably processes within a single system. A process t 3 ^ical 
of higher psycho-physical ‘levels’ may be connected with a process 
typical of lower psycho-physical levels far less intimately than either 
is with a process of intermediate ‘levels.’ Yet this relatively small 
correlation is not a disproof but a consequence of their inclusive or- 
ganization within a single integrated system of psychical dispositions 
or of neural arcs.” 

Burt’s emphasis is on the overlapping of factor from group to group. 
The significance of group factors appears more specifically in the work 
of Thomson, who has severely criticized Spearman’s statistical pro- 
cedures and interpretation of statistical findings, and whose results 
generally support the theory that any given test performance may be 
regarded as a sample of the various abilities at an individual’s com- 
mand, and that there may be quasi-general or group factors in addition 
to a general factor and specific factors, that is, factors intermediate in 
generality between the two. 

The more recent evolution of these distinct theories of general in- 
telligence has brought apparently antagonistic points of view together 
in such a way as to give the impression that at present they have a 
good deal of ground in common. Spearman now attaches a great deal 
more importance to the specific factors than appeared in his early work 
and he admits that they may extend over a number of activities.*’ 
Thorndike no longer emphasizes the independence of traits, but insists 
rather upon their complex character and recognizes that certain traits 
may extend over such wide fields as to be almost general in character.** 
The general emphasis now appears to be upon distinct levels of be- 
havior and upon diverse patterns of activities made possible, in part, 
through the changing influence of group factors which determine suc- 
cess in each of a number of varied kinds of activities. So, for example, 
Thorndike has put forward a theory distinguishing among three types 
of intelligence with respect to the material upon which the most sue- 

C. Burt, The Distribution and Relations of Educational Abilities, London, 1917, pp. 93. 

^^Ibid., p. 165, and M. McFarlane, op. cit., p. 11. 

C. Spearman, The Abilities of Man, London, 1927, pp. 4lS. 

®®E. L. Thorndike, “Intelligence and its Uses,” Harper's Magazine, 79 (1920), pp. 
228-229. Sec also E. L. Thorndike and others, The Measurement of Intelligence, Nevi 
York, 1926, pp. 616. 
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cessful responses are made. “A perfect description and measurement 
of intelligence would involve testing the man’s ability to think in all 
possible lines. . . . For ordinary practical purposes, however, it suf- 
fices to examine for three ‘intelligences,’ which we may call mechanical 
intelligence, social intelligence, and abstract intelligence. By mechani- 
cal intelligence is meant ability to learn to understand and manage 
things and mechanisms. ... By social intelligence is meant the abU- 
ity . . . to act wisely in human relations. By abstract intelligence is 
meant the ability to understand and manage ideas and S 3 mibols. . . . 
Mechanical intelligence and social intelligence refer to thought and 
action directly concerned with actual things and persons in one’s hands 
and before one’s eyes. When the mind works with general facts about 
things and people ... its action is referred to as abstract intelli- 
gence.” 

Another illustration of a recent development emphasizing diversity 
rather than uniformity in mental ability and presenting a theoretical 
justification for an emphasis, in vocational selection, upon traits other 
than general intelligence, is found in the theory of unique traits pro- 
posed by a group of investigators at the University of Minnesota. This 
theory makes two basic assumptions; (1) that the various degrees of 
success in all the important classes of human behavior correspond to 
compounds of relatively unitary traits, combined in various propor- 
tions, and (2) that these unitary traits can be discovered and measured 
objectively and are probably not so numerous as to make impossible 
the task of measuring them all.'’'* According to this theory the differ- 
ences between occupational fitness can be expressed in terms of quanti- 
tative differences in a few traits. A trait may be judged unique (1) 
when it correlates positively with at least one criterion of human be- 
havior, and (2) when it shows low correlation with all other unique 
traits. 

As far as measuring fitness for work is concerned, this theory makes 
it necessary ( 1 ) to determine the unitary traits in human personality, 
(2) to devise adequate methods for measuring them, and (3) to de- 
termine the traits required for a given kind of activity and the amounts 
necessary for success. According to this theory, “the difference be- 
tween a machine tender and a farm hand, for example, is a matter of 
differences in a few particulars such as', physical strength, ability to 
resist monotony, scope of attention, mechanical aptitude, and intelli- 
gence. Similarly, these and other capacities may serve to distinguish 
the machine lender from the tool maker, the tool maker from the 
foreman, the foreman from the administrative officer. In the two occu- 
pations last named, executive ability and social aptitude, qualities 

E. L. Thorndike, “Intelligence and Its Uses,” op. cH., pp. 228-229. 

D. G. Paterson, R. M. Elliott, L. D. Anderson, H. A. Toops, E. Heidbrcder, op. cit., 
p. 14. 
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which have little importance in the other occupations on the list, are 
probably of dominant importance.” 

Approaching the problem from a somewhat different angle, Hull has 
outlined a theory of aptitude testing which emphasizes the diversity of 
traits to be measured in the determination of vocational fitness. The 
basic concept of this theory is the existence of group factors or deter- 
miners of efficiency. “These determiners, or factors, unite in various 
combinations to produce the various aptitudes which an individual 
possesses. The same determiner in most cases will contribute to the 
success of numerous different activities. Some determiners, perhaps, 
may be constituents of no more than three or four activities, while 
others may contribute to the efficiency of several hundred. The former 
may be narrow-range group factors, approaching the Spearman specific 
factors; the latter would be wide-range group factors, approaching the 
Spearman general factor.” The problem, in any case, is to measure 
that combination of group factors which determine success in the par- 
ticular activity or job under consideration. 

The Significance of Competency — General Conclusion 

This discussion of the theoretical problems in the measurement of 
human competency shows further the limitations of general intelli- 
gence testing in determining vocational fitness, and indicates why the 
most promising line of advance in vocational selection lies in the de- 
tailed study of more specialized traits or combinations of traits. The 
experimental results cited above, combined with these considerations 
of theory, warrant the conclusion that general intelligence tests have 
an extremely limited sphere of usefulness in the scientific placement 
of workers. They can be used, in the first place, to shut out the low 
grade feeble-minded and in the assignment of the higher grades to 
suitable jobs within the organization. They can be used in selecting 
executives, certain supervisory, technical, and office workers. For selec- 
tion in the great mass of skilled and semi-skilled jobs, in many office 
and clerical jobs, the measurement of general intelligence can serve 
little purpose. The problem is that of determining and providing tech- 
niques for objectively measuring the combination of specialized traits 
which find an outlet in the activities of each of these jobs. 

TEMPERAMENT AND CHARACTER IN VOCATIONAL FITNESS 

Among the major factors in vocational fitness are temperqment and 
character.’’^ “It is only natural,” writes Symonds, “that the first con- 

Ibid.y p. 14. 

^2 C. L. Hull, op. cit.y p. 218. 

^SThe consideration of temperament and character in vocational fitness, as that of 
competency, is complicated by a confusion of terminology. In the first place, there is 
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sideratioD in hiring a worker should be his ability to do the task at 
hand. But it has been discovered that conduct factors are also im- 
portant in estimating a worker’s value. He must not only be able to 
do the job, he must get along with people and also have certain quali- 
ties of regularity, thoroughness, willingness to stick to the job, and the 
like.” From the point of view of competency two applicants may be 
equally suited for the job of street-car motorman. Both may profit 
equally from training and develop identical proficiency in the safe 
operation of the street car. However, there will be marked difference 
between the two in accomplishment if one is susceptible to frequent 
variations in mood, if his feelings are easily hurt by remarks of 
patrons, if he generally dislikes people, is inclined to disregard punctu- 
ality, etc., while the other is gener^ly “stolid,” unmoved by the com- 
ments of others, easily adapts himself to a daily routine, etc.'^® 

It is not only important that the cashier be “intelligent” and ac- 
curate, but that he be able to refrain from pocketing his employer’s 
money when the opportunity or temptation is present. As a matter of 
fact, in many occupations, as Baumgarten has pointed out, although 
“character traits” may offer compensation for deficient intelligence, a 
high degree of intellectual competency never serves as a substitute for 
such qualities as trustworthiness and honesty.''* 

In the entire gamut of occupations, from unskilled work to the man- 
agement of an industrial enterprise, it is important to know something 
about the individual’s “character,” his habits of work, ‘‘his way of re- 
acting” in this or that situation, his “driving forces,” in determining his 


no agreement among psychologists with respect to the scope of such fundamental terras 
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fitness for the job.''^ Although there is much disagreement zunong psy- 
chologists with respect to the classification of such traits and tenden- 
cies, there is uniform accord on their importance. Watts, for example, 
stresses the instinctive basis of personality, in his insistence “that the 
vocational psychologist will need to take into consideration what has 
so fac been overlooked, the instinctive make-up of the subjects of his 
experiments, and that in choosing workers for particular tasks he must 
make sure that their instinctive type is the right one. It woiild be 
folly,” he adds, “to place the man with strong gregarious tendencies 
in lighthouse or wireless work, or advise him to go into farming in a 
new colony, just as it would be unwise to encourage a boy devoid of 
the acquisitive instinct to set up in business. And it will be agreed that 
a soldier or a reformer without a considerable spice of pugnacity would 
be a failure, while it is equally beyond dispute that the statesman and 
the priest, the doctor and the nurse, the teacher and the shepherd 
would soon tire of their work if they were not endowed strongly with 
the tender impulse.” 

In contrast with Watts’ emphasis on instinctive basis, is Bingham’s 
hypothesis, based on Freyd’s and Hubbard’s studies of the interests 
of mechanically and socially inclined individuals, that “early intro- 
version of personality leads to the development, through dispropor- 
tionate exercise, of one’s native interests in mechanisms or ideas, at 
the expense of interest and proficiency in social contacts.” Accord- 
ing to this viewpoint, the boy with only average native “mechanical 
ability,” but with a tendency to introversion, resulting in part from 
childhood experiences, shrinks from social contacts and buries himself 
in play with mechanical contrivances. Original capacity for manipula- 
tion is enhanced with practice. Interest grows with skill. “Mechanical 
ability” is conditioned by personality. The bending of the twig toward 
introversion inclines the tree toward the mechanical — and the young 
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man becomes an inventor or an engineer instead of an actor, a sales* 
man, or a business executive.®*'* The findings of Laird, that foremen 
and executives tend to be extroverts, that inspectors, accountants^ and 
research engineers are, in general, introverts, lends support to the 
viewpoint that personality traits at least influence vocational adjust- 
ment, even though they may not account for the origin of interest and 
competency.®^ 

A somewhat different approach in indicating the influence of con- 
duct tendencies upon working activities grows out of Kretschmer’s 
classification of temperament on the basis of physical build.®® Kretsch- 
mer recognizes two distinct types of temperament, the cyclothymic and 
schizothymic. The cycloids (having the former temperament) are char- 
acterized by wide fluctuations in mood, varying from one of joyful 
exhilaration to extreme depression (manic-depressive). The schizoid, 
on the other hand, is an unsociable, self-contained, quiet, serious, and 
occasionally eccentric individual.®® The former tends to be expansive 
and social, the latter retiring and reserved, often concealing under a 
forbidding exterior a wealth of feeling and sensitivity. The influence 
of these distinctive temperaments on occupational activity is indicated 
in the following tabulation, showing the direction of interest and con- 
duct on the part of individuals of both t3q)es engaged in the same field 
of work: 


Relation Between Temperament in Occupation 
(Kretschmer) 


Cyclothymic 

Temperament 


Occupation 

Poets and Authors 


Investigators 


Director or Executive 


Realists 

Humorists 


Objective 

Empirical 


Boosters 

Enthusiastic Leaders 


Schizothymic 

Temperament 

fSad 

^ Romantic 
[Stylists 

Logical 

- Systematic 
Metaphysical 

'Pure Idealists 
Despots and Fanat- 

- ics 

Cool, Calculating, 
Selfish Leaders ®'^ 


pp. 359-60. 
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The importance of other aspects of temperament and character re- 
ceives emphasis in the work of other students in this field.®® Bathurst,®® 
for example, stresses social adaptability as the temperamental factor 
requiring first consideration in the determination of vocational fitness. 
Mira ®® includes phobic signs, or tendencies toward abnormal anxiety 
and fears, sensorial hyperaesthesia (sensitivity), as criteria in deter- 
mining the suitability of an individual for executive work, teaching, 
etc., for repetitive tasks of the manufacturing plant, and for artistic 
creation in the plastic arts. There is, as has been suggested above, much 
vague terminology, a great deal of loose thinking, and entirely too 
little concrete experimental evidence on the significance of particular 
traits. In spite of this, there is good reason for the opinion that fitness 
for an occupation is most certainly a function of the “instincts, emo- 
tions, temperament and character” ®^ and similar traits and tendencies 
which must be duly weighted in vocational selection. 

THE SIGNIFICANCE OF INTEREST IN VOCATIONAL FITNESS 

Interest in the activities of a particular job is among the factors to 
be considered in determining fitness for work. There seems reason to 
believe that unless the individual “likes the activities of the job,” un- 
less they awaken in him a “feeling of pleasantness,” and he is “at- 
tracted toward them,” he may be unhappy in his work, even if he has 
the requisite skill and competency and his efficiency remains undis- 
turbed. Common opinion, at least, holds that “without interest, work 
is colorless and drab; with interest, work seems worthwhile to the in- 
dividual; abilities are developed, and accomplishments are realized.” 

The Meaning of Vocational Interest 

The experimental investigation of the significance of interest in ad- 
justment is complicated by two factors: (1) wide variations in the con- 
ceptual treatment of interest, and (2) the question of the relationship 
between interest and ability. On the one hand, interest has been con- 
ceived as an expression of feeling or a reaction toward the operations 
of a particular task and, on the other, as a complex of all the drives 
which underlie a worker’s attitude toward his work, toward the plant, 
and perhaps toward industrial civilization in its entirety. Between 
these two extremes are many grades and variations of interest defini- 
tion — subjective and objective — involving the employment of many 

diverse criteria for the observation and measurement of interests. At 
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one extreme is Kitson’s proposal for studying interest in a specific 
occupation by a rating scale which invites the subject to “think of 
that activity in wMch you would spend your time if you had a million 
dollars and were not obliged to work.” ** At the other are Strong’s ** 
and Cowdery’s inventories of “like,” “indifference,” and “dislike,” 
with respect to many types of activities and people, ranging from “fat 
man” to “playing golf,” from reading activities to preference for di- 
rected or undirected work — ^as means of gauging the identity of in- 
terests of the individual with those of others in a specified occupation. 
Free association tests,®* information tests,®^ learning and distraction 
tests,®® each growing out of a somewhat distinctive definition of the 
nature of interest, bear further evidence to the diversity of concepts 
developed by investigators in the field of interests. 

Fryer has recently reviewed these various treatments and arrived at 
an acceptance-rejection theory of interest measurement which identi- 
fies objective interests as acceptance reactions, in contrast to aversions, 
which are rejection reactions. Subjective interests or “likes” in this 
theory are associated with acceptances of stimulation, and subjective 
aversions or dislikes with rejections of stimulation. The development 
of this theory leads to a definition of interest and motivation as sep- 
arate in mental life, motivation being defined as the degree of stimula- 
tion, and interest as the quantitative feeling of pleasantness or un- 
pleasantness associated with the acceptance or rejection of the 
stimulation. A further elaboration of this point of view leads to a classi- 
fication of interests in terms of the “objects and activities, of the psy- 
chological stimuli which engage the attention of the individual.” *® The 
acceptances and rejections are observed both in reactions of the indi- 
vidual and in his estimations of pleasure and displeasure when stimu- 
lated by an interest situation. 

This point of view, although standardizing the concept of interest, 

»®H. D. Kitson, “Investigation of Vocational Interest Among Workers,” Psych. Clin. 
19 (1930), pp. 48-S2. 

"*E. K. Strong, “An Interest Test for Personnel Managers,” /. Ptrs. Res., 5 (1926), 
pp. 194-203; “Interest of Engineers, A Basis for Vocational Guidance,” Pers. Jour., 7 
(1929), pp. 441-4S4; “A Vocational Interest Test,” Educ. Rec., 8 (1927), pp. 107-121; 
“Vocational Guidance of Executives,” J. App. Psych., 11 (1927), pp. 331-347; “Diagnostic 
Value of the Vocational Test,” Educ. Rec., 10 (1929), pp. 59-68; “Procedures for Scoring 
an Interest Test,” Psych. Clin., 19 (1930), pp. 63-72. 

8®K. M. Cowdery, “Measurement of ProfessionarAttitudcs; Differences between Law- 
yers, Physicians and Engineers,” J. Pers. Res., 5 (1926), pp. 131-141. 

J. B. Wyman, “Measurement of Interest,” Vocational Guidance Magazine, 8 (1929), 
pp. 54-60. 

H- A. Toops, “Tests for Vocational Guidance of Children Thirteen to Sixteen Years 
o^f Age,” Cont. to Educ. No. 136, New York, 1923, pp. 159, and H. E. Burtt and 
F. Ives, “Vocational Testing for Agricultural Engineers,” J. App. Psych., 7 (1923). 
pp. 178-187. 

®®H. E. Burtt and F. Ives, op. cit. Sec also H. E. Burtt, Employment Psychology, 
Boston, 1926, pp. 568. J' » 

D. Fryer, op. cit., pp. 15-16. 
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still permits wide-spread diversity of opinion with respect to the mean- 
ing of vocational interest, depending upon whether the investigator 
views the conditions of work as the motivating situation, that is, the 
total pattern of the job, the conditions in the plant, the system of wage 
payment, etc., or whether he is referring specifically to the operations 
and organization of activities of the job without reference to the gen- 
eral situation in which the job is done. For the purposes of this text 
vocational interest, or perhaps more narrowly job interest, refers to 
the individual’s like for the tasks he is required to perform in the in- 
dustrial plant. It refers, for example, to his acceptance or rejection, his 
like or dislike of a job in which he performs the same single operation 
again and again throughout the day in comparison to his subjective 
and objective reactions to a job characterized by greater variety in the 
sequence of operations. The significance of job interest, when oriented 
from this viewpoint, will be further discussed below. 

The Relation Between Interest and Ability 

Another complicating factor in the consideration of interest as a 
factor in vocational fitness is the question of the relationship between 
interest and ability. The early point of view of this question has been 
expressed by Woodworth in his statement that “human interests keep 
pace with human capacities. Almost always,” he writes, “where a child 
displays talent, he also displays interest. It might not be amiss to ex- 
tend McDougall’s conception of the connection of instincts and emo- 
tions so as to speak of a native interest as the affective side of a native 
capacity. Along with the capacity for music goes the musical interest; 
along with the capacity for handling numerical relations goes an in- 
terest in numbers; along with the capacity for mechanical devices goes 
the interest in mechanics; along with the capacity for language goes 
the interest in learning to speak; and so on through the list of capaci- 
ties, both those that are generally present in all men and those that are 
strong only in the exceptional individual.” 

More recent experimentation has led to marked skepticism con- 
cerning the positive character of the relationship between interest and 
ability. Studies of “successful” and “unsuccessful salesmen”, by 
Ream,*®^ Craig,^®® and Freyd,*®* show no group interest or interests 
which invariably distinguish successful from unsuccessful salesmen, 
and reveal no consistent relationship between interest and degree of 
accomplishment in this vocation. Other investigations, involving a com- 
parison of interest and ability both by means of estimations and by in- 

R. S. Woodworth, Dynamic Psychology, New York, 1922, p. 74. 

1®^ M. J. Ream, Ability to Sell, Baltimore, 1924, pp. 64 ff. 

'®2 D. R. Craig, “The Preference of Interest Questionnaire in Selecting Retail Sales- 
women,** J. Pets. Res., 3 (1925), pp. 366-374. 

1®* M. Freyd, “Selection of Promotion Salesmen,** J, Pers. Res., S (1926), pp. 142-146. 



140 


INDUSTRIAL PSYCHOLOGY 


terest inventories Kkewise show no significant relationship between 
interest and ability regardless of whether general intelligence, mechani* 
cal ability, or other criteria are employed as the standards of ability.^®^ 
The research in tl^ field ‘‘suggests that the relationship between all 
interests and abilities is so low that subjective interest cannot be used 
for the prediction of abilities. . . . The research upon the relationship 
of abilities and interests suggests the conclusion that interests and 
abilities are different qualities in mental life. Neither one is dependent 
upon the other. Neither can be predicted from the other.” 

In view of the evidence of such studies that interest has little or no 
influence upon achievement, the question may be raised as to the need 
of considering interest in determining fitness for work. This question 
is easily answered if one accepts satisfaction and economic efficiency as 
independent criteria of adjustment in work. Viewed from this angle, 
interest in the activities of the job becomes an important criterion in 
determining the suitability of a worker for a job. The significance of 
this standard is very well brought out in English investigations of 
monotony, which show that a dislike for a repetitive job definitely 
affects the adjustment of workers who are superior from the viewpoint 
of competency for the work.^®® So, for example, girls with higher levels 
of intelligence maintain a higher level of production on certain repeti- 
tive jobs than those with lower levels of intelligence, but a pervading 
feeling of unpleasantness and of ennui, accompanied by changes in the 
shape of the daily work curve, attest to the absence of interest on the 
part of the former in the operations of the job at which they are em- 
ployed. Job interest is revealed here as a factor distinct from other 
variables affecting adjustment in work. It is far from being the only 
factor in susceptibility to monotony, but the rejection of the task, and 
the feeling of unpleasantness, are definitely major items in this situa- 
tion. Fairchild has also recently shown that the “skill” becomes a 
first source of satisfaction in work in jobs offering an opportunity for 
its display. In this case, too, a liking for the activity of the job must 
be considered as one element in the development of the more general- 
ized feeling tone which may be described as satisfaction in work.^®® 
From this viewpoint, job interest must be considered important in 
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determining fitness at work; and its measurement, as a separate entity, 
becomes a distinct problem for the psychologist interested in the hap- 
piness of the worker as well as in his economic efficiency in the indus- 
trial organization. 
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THE SCOPE OF JOB ANALYSIS 

The first step in fitting men to jobs, and in maintaining fitness at 
work, is to make a comprehensive study of occupational activities and 
requirements. No employment manager can hope to make a proper 
selection of workers without a thorough knowledge of the duties and 
conditions of work of the job to be filled and of the human capacities 
essential to success in it. No satisfactory training program can be de- 
vised unless there is available exact information concerning the oper- 
ating techniques employed on the task. The elimination of unnecessary 
fatigue, the reduction of accidents, the improvement of motivation, 
etc., require an exact knowledge of working conditions which may 
affect these variables. The procedure of obtaining such information 
is known as job analysis,^ defined as “the scientific study and state- 
ment of all the facts about a job which reveal its content and the modi- 
fying factors which surround it.” ® It involves a “determination of the 
essential elements in the job and the qualifications a worker should 
have for its successful performance.” ® 

The techniques employed in job analysis will depend in large part 
upon its purpose. So, for example, where attention is centered upon 
training, time and motion study techniques and other specialized pro- 
cedures for the analysis of skill must be employed.^ A concern for 
fatigue effects may lead to a classification of work with respect to daily 

1 The terms job and job analysis have been used in a variety of senses. Kitson, for ex- 
ample, distinguishes among vocational analysis, or the study of an entire profession or 
trade, e. g. physician ; occupational analysis, or the study of a specialized occupation within 
a trade, e. g. eye-doctor; and job analysis, or the study of a particular operation, e. g. 
winking the eye. (H. D. Kitson, The Psychology of Vocational Adjustment, New York, 
1925, p. 25.) The term occupation analysis is used by English investigators to include 
every kind of inquiry that the study of employment entails (“Occupation Analysis,” Nat’l 
Inst. Ind. Psych., Report No. 1 (1926), p. 1). In American industry, in spite of Kitson’s 
classification, the term job is used to describe a self-contained unit of work performed 
by the individual worker, be it as routine as that of the punch press operator or as varied 
as that of the pattern maker or private secretary. Occupation is sometimes used as a syno- 
nym for ^is, but more frequently as a comprehensive term including many allied jobs. 
Vocation is almost invariably used in an even more general sense to refer to a great number 
of similar but independent working activities, e.g. the vocation of business, of engineer- 
ing, etc. 

In this volume the term job analysis will be used to refer to the procedures employed in 
gathering information about work activities and their requirements in the way of per- 
sonnel, regardless of whether vocation, occupation, or job is the unit under observation. 

*0. Tcad and H. C. Metcalf, Personnel Administration, New York, 1920, p. 2SS. 

® J. D. Hackett, Labor Management, New York, 1929, p. 161. 

* See Chapter XX, pp. 433-37 and Nat*l Inst. Ind. Psych., Report No. 1, pp. 15-19. 
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caloric consumption,® in the manner of Slosse and Waxweiler,® who have 
divided 81 occupations into 3 groups, light, heavy, and very heavy, on 
this basis (2450-3100; 3400-3800; 4050-5300 calories respectively). 
The same interest may favor the type of analysis employed by Amar,^ 
who has considered body activity in classifying working activities into 
those involving primarily (a) body weight, (b) arm musculature, 
(c) leg musculature, and (d) miscellaneous operations, including those 
requiring finger movements. In general, as Meine ® has pointed out, job 
analysis can be classified into four types with respect to purpose: 

1. Job analysis jor the purpose of improving working methods and 
processes. 

2. Job analysis for the purpose of protecting health and safety. 

3. Job analysis to be used as a basis for training employees. 

4. Job analysis to be used for employment purposes, i. e., (a) in 
selecting, transferring, and promoting employees, and (b) in establish- 
ing wage schedules. 

JOB ANALYSIS FOR EMPLOYMENT PURPOSES 

The discussion in this chapter will be confined to the last type of job 
analysis. The analysis of jobs for emplo 5 Tnent purposes is limited to a 
determination of the actual duties and working conditions and the 
qualifications of the man who is to do the work. The analysis may or 
may not presuppose the existence of previously established perform- 
ance standards. The job is described as it is found, a selection being 
made of such available information about the job as is pertinent in 
placing workers. This may incidentally contribute toward setting up 
more effective ways of work, improvement in shop standards, etc., but 
the chief purpose of the job analysis for employment purposes is the 
accumulation of data that may be useful in hiring new workers and in 
transferring and promoting older employees.® 

Information obtained in the analysis of individual jobs for selection 
purposes is embodied in a job specification. Every job specification has 
two aspects — a job aspect, or description of the features of the work, 
and a man aspect, consisting of a detailed description of the necessary 
physical and mental characteristics of the worker. The job specification 
when completed may be presented either in the form of a running 
statement or be summarized on a special form or check sheet, illus- 

® See Chapters XXI and XXII. 

* A. Slosse and £. Waxwciler, Enqueie sur Valimentation de 1065 ouvriers Beiges, Paris, 
1910, pp. S7 ff. 

^ J. Amar, Le Moieur humain et Us Bases scientifiques du Travail professionnel, Paris, 
1923, pp. S6S. 

® F. Meine, “Job Specifications,” Federal Board for Vocational Education, Bulletin, No. 
4S <1910), pp. 30. F. Meine, “Job Analysis for Einplo 3 m[ient Purposes,” Ann. Amer. Acad. 
Pol. Soc. Set., 110 (1923), pp. 22-31. 

® Ibid., p. 24. 

10 See “Trade Specifications and Index of Professions and Trades in the Army,” War 
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trated on pages 151-53,^* which makes more readily available the in- 
formation concerning the job which the employment manager or the in- 
vestigator in industry should have. There is no uniform agreement 
among investigators with respect to the items to be included in a job 
specification.^® There are wide differences, in so far as completeness is 
concerned, among those which have been prepared in independent 
studies. The following list, used by the author as a guide in job analy- 
sis,^® includes the variety of factors which should be considered in a 
comprehensive analysis and statement of the characteristics of the job 
and of the worker for employment purposes: 

GUIDE TO JOB ANALYSIS 

1. Identification of the Job. 

2. Number Employed. 

3. Statement of Duties. 

4. Machines Used. 

5. Analysis of Operations. 

6. Conditions of Work. 

7. Pay and N on-Financial Incentives. 

8. Relation to Other Allied Jobs. 

(Place in the organization) 

9. Opportunities for Transfer and Promotion. 

10. Time and Nature of Training. 

11. Personnel Requirements. 

(a) General, e. g.. Age, Sex, Nationality, Marital Status, etc. 

(b) Physical 

(c) Educational 

(d) Previous Experience 

(e) General and Special Abilities 

(f) Temperamental and Character Requirements. 


Dept. Doc., No. 774, Washington, 1918, and “Descriptions of Occupations,’* U. S, Dept, of 
Labor, Washington, 1918-1919. 

F. Meine, “Job Analysis for Employment Purposes,” Ann. Amer. Acad. Pol. and Soc. 
Sci., no (1923), p. 25. 

12 For a discussion of items see W. V. Bingham and M. Freyd, Procedures in Employment 
Psychology, New York, 1926, pp. 15-17; F. Meine, op. cit.; R. C. Clothier, “An Occupa- 
tional Survey,” J. Pers. Res., 2 (1923), pp. 427-50; 'E. J. Benge, “What Items Should the 
Job Specification Include,” Ind. Mgt., 59 (1920), p. 330; J. O. Hopwood, “Fundamentals 
in Salary and Wage Administratiton,” Am. Mgt. Assoc., Office Mgt. Series, No. 55 (1930), 
pp. 16-20; C. S. Myers and others, “Occupation Analysis,” Nat. Inst. Ind. Psych., Report, 
No. 1 (1926), p. 36; F. Baumgarten, Die Bern fseignungspruf ungen, Munich, 1928, pp. 80- 
137; J. Fontfegne, VOrientation Professionnelle, Paris, 1921, pp. 76-103; O. Tead and R. B. 
Gregg, Outline of Job Analysis, New York, 1918, pp. 160; M. S. Viteles, “Job Specifications 
and Diagnostic Tests of Job Competency Designed for the Auditing Division of a Street 
RaDway Company,” Psych. Clin., 14 (1922), pp. 83-105; W. Ruffer, “Schema ein Fahig- 
keitsanalyse fur kaufmannische Buroangestellte in der Verwaltung eines Grossbetriebes,” 
Ind. Psychol., 5 (1928), pp. 345-58. 

i»M. S. Viteles, “Job Specifications and Diagnostic Tests of Job Competency, etc.,” 
Psych. Clin., 14 (1922), pp. 83-85. 
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12. Special Advantageous or Disadvantageous Features. 

13. Employment Conditions. 

Sources of Information in Job Analysis 

In the preparation of job specifications the investigator can make 
use of a number of available sources of information. The best of these 
is observation in the course of actual work at the job. This procedure 
has been followed by Link in analyzing the job of assembling gun 
parts, by the author in the study of motormen and of electrical sub- 
station operation,^® and by other investigators. Actual practice on the 
job is particularly suitable for occupations requiring only short train- 
ing periods. It is especially desirable in the case of all jobs involving 
manipulation, where the observation of movements gives little clue to 
the underlying abilities, skills, and attitudes evoked by the perform- 
ance. So, for example, Rupp points out that the activity of “halving” 
a short line differs both objectively and subjectively from that of 
“halving” a long line,^® and that observation gives no clue to the char- 
acter of such differences. 

In addition to practice on the job, and wherever such practice is im- 
possible, the investigator can use such secondary sources as observa- 
tion of workers employed on the task, photographic and similar de- 
vices, interviews with workers and supervisors, questionnaires, output 
and turnover records, changes in employment conditions, and the large 
body of literature which is being gradually built up in this field. How- 
ever, although the investigator may be forced by circumstances to de- 
pend upon such secondary sources, these cannot completely take the 
place of first-hand contact with the work and direct association with 
those engaged in it as a means of obtaining adequate information. 

THE PSYCHOLOGICAL VIEWPOINT IN JOB ANALYSIS 

In general, job specifications as ordinarily developed in industry 
suffer from a number of serious defects. In the first place, many of 
them are limited almost exclusively to a description of the duties and 
working conditions. In many instances the statement of personnel re- 
quirements is restricted to a general description of such factors as age, 
sex, health — no attempt being made to designate the mental capacities 
and other traits essential for success on the job. In other cases, an at- 
tempt is made to describe such traits, but they are stated in vague, 
abstract terms which only confuse the problem of personnel qualifica- 
tions. So, for example, the qualifications for a power press operator 
are described as “good muscular co-ordination and of such order of 

H. Link, Employment Psychology, New York, 1919, p. 55. 

i*M. S. Viteles, “Research in the Selection of Motormen,” J. Pers. Res., 4 (1925), pp. 
100-15, 173-99; and “The Human Factor in Substation Operation,” Pers. J., 8 (1929), 
pp. 85-86. 

F. Baumgarten, op. cit., p. 117. 
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intelligence as is satisfied and inclined to reduce its work to terms of 
continuous, single*grooved habit (sic). As a natural corollary it is 
obvious, therefore, that an over-responsive, over-keyed, nervous or- 
ganization would be dangerous, on account of accidents, and would 
^so make the work disagreeable, and hence, not a ‘good job’ from 
employee’s standpoint. To make for a permanent force, other things 
being equal, it is very essential that the intelligence be not overactive 
or imaginative, and that the employe be such as would consider him- 
self acquiring nothing beyond his expected stipend and the knowledge 
of running that kind of machine. As a general proposition he must be 
plastic enough to fit into the spirit as required above by definition of 
a foreman and’, therefore, not ‘fresh or a smart Aleck.’ ” In somewhat 
the same way the qualifications of a librarian are described as follows: 
“A love of reading is not a major qualification since a librarian has lit- 
tle time for reading. She needs accuracy, quickness, neatness, a pleas- 
ing appearance, and the application necessary to do much routine 
work. All these qualities must be founded upon a sincere and active 
enthusiasm for the library work. . . . For advancement . . . she 
must constantly be her own teacher in assimilating current informa- 
tion. She must possess a liking for people with a natural desire to assist 
them. The executive must have breadth of vision. Scholarliness would 
be another fundamental.” 

The outstanding weakness in such statements of qualifications is the 
failure to define the terms used in describing traits necessary for suc- 
cess. Qualifications are stated in vague terms, almost incapable of ex- 
act definition and conveying entirely different ideas to different read- 
ers. In addition, there is a failure to rate these traits quantitatively. 
There is no indication of the degree of each quality necessary for suc- 
cess and the relative importance of each. So vague and indefinite is 
this presentation that in many such descriptions the title of another 
occupation could be substituted for the one being described without 
affecting the impression on the reader. In the description of the mental 
qualifications for librarian quoted above, the jobs “office worker,” 
“teacher,” “cashier in a department store,” “scraper of celery in a 
soup factory,” could be substituted for “librarian” without affecting the 
applicability of the description.’* 

Where capacities for success are to be stated in terms of mental 
traits there must be substituted for such vague qualities as “accuracy,” 
“quickness,” “mechanical ability,” “initiative,” and other ill-defined 
mental characteristics a category of specific mental abilities which are 
involved in each vocation. Moreover, the description of the motive 

R. J. Burke, “Written Specifications for Hiring,” Ann. Amer. Acad. Pol. Soc. Sci., 
115 (1916), pp. 179-180. 

F. B. Jennings, The Librarian, The White- Williams Foundation, Monog. Series No. 2, 
Philadelphia, 1923, p. 5. 

M. S. Viteles, “Vocational Guidance and Job Analysis: The Psychological Viewpoint,” 
Psych. Clin.. IS (1924). d- 164. 
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concepts, or concepts of temperament, such as “loyalty,” a “sense of 
responsibility,” “patience,” “tact,” “good manners,” etc., must be 
treated separately from the description of the sp>ecific men^ abilities 
which underlie job proficiency. 

It is necessary not only to define carefully the specific mental traits 
which are required in a given occupation, but to indicate the extent to 
which each is involved in the working activity. In many cases the dif- 
ference in competency between two jobs consists not in a difference in 
the number and kind of specific mental abilities for which each occupa- 
tion calls, but in the extent to which each ability is called forth in the 
occupation, and in the relation among them. The difference is not one 
of content but of pattern — ^an emphasis in one job of certain specific 
mental traits which are not emphasized in the second.*® 

Before proceeding with a discussion of psychological techniques in 
job analysis, it is perhaps well to summarize briefly the chief contri- 
butions which industrial psychology can make toward a more adequate 
analysis of personnel qualifications. One important contribution is that 
of emphasis. This includes an insistence upon a much more detailed 
study of personnel requirements than is characteristic of lay investiga- 
tions in this field. Attention is directed to the psychological aspects of 
work, to an analysis of all mental traits and behavior patterns which 
determine success at work.*^ The emphasis in the psychological study 
of occupations is not alone on scope, but also upon the specific, con- 
crete, and quantitative description of the activities and requirements of 
the job.** 

The second contribution of psychology to job analysis is in the way 
of improved methods. These grow out of an application to job analysis 
of rating scale techniques, specialized methods for the analysis of skill, 
the detailed observation of behavior, and testing and other procedures 
characteristic of psychological investigations in other fields. 

PSYCHOLOGICAL TKCHNIQUES IN JOB ANALYSIS 

The Individual Psychographic Method 

The earliest attempt to differentiate occupations on the basis of 
special aptitudes and other personal characteristics took the form of a 
careful and detailed study of men who achieved outstanding success 
in their chosen occupations. Family history, individual development, 
sensory acuity and discrimination, memory, language ability, imagery, 
reaction time, habits, opinions, etc., were considered in analyzing the 
psychological foundations of success. Interviews, observation, and tests 
were employed in completing the analysis, the findings being combined 
into an individual psychograph or clinical picture of the particular in- 

»® Ibid., p. 16S. 

** C. S Myers and others, op. at., p. IS. 

** F. Meine, op. cit., pp. 27-29. 
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dividual. Subjected to such an analysis, Zola, the famous French nov- 
elist, was found, by Toulouse,*® to be “characterized by prominent 
voluntary intellectual activity, clearly conscious and intense, concen- 
trated in effort, with no tendency to perserveration of ideas after cessa- 
tion of work. His thought, as disclosed by the tests, was logical, me- 
thodical, and (in spite of his actual vocation) seemed pre-eminently 
fitted for the work of mathematical deduction.” The study, by the 
same method, of J. Henri Poincare, the noted French mathematician, 
revealed such traits as a “tendency to automatisms and the perservera- 
tion of psychic activity,” “prominent muscular reflexes,” “uncertainty, 
irregularity and awkwardness of movement,” “flighty attention,” “ex- 
ceptional memory capacity,” etc.*® 

In general, the individual psychographic method has yielded little 
information of value in determining why certain individuals are more 
successful in their work than others, or in revealing the psychological 
requirements of particular work. A similar study of a large group of 
workers exhibiting varying proficiency on the same job may be useful 
in the analysis of these requirements. The analysis by tests, described 
below, represents essentially an application, on a restricted scale, of 
this point of view. However, the exact determination of the traits 
necessary for success in work requires that attention be centered not 
upon the individual, but upon the working activity — on the operations 
of the job at which the individueil is engaged. In such an analysis “the 
work, rather than the worker, is made the object of the analysis.”'*® 
This point of view is particularly important in the so-called “lower” or 
less complex occupations, where perhaps only a limited number of 
traits and behavior tendencies of the individual are called into play to 
determine both adjustment and efficiency at work. 

The Questionnaire Method in Job Analysis 

Diverse procedures have been employed in the study of the job for 
identifying the qualifications for particular jobs. Among these is the 
questionnaire method, first employed, in 1916, by Lipmann,*^ who 
sent a sheet containing 86 questions to individuals, organizations of 
workers, and others interested in vocational placement and training, 
in an attempt to arrive at a satisfactory classification of the character- 
istics of diverse occupations. This list was extended in 1917 to include 
lOS questions and at a still later date elaborated into 148 questions 
concerning the psychological traits necessary for different types of 

2® E. Toulouse, EnquHe Midico-psychologtque sur les rapports de la supirioriU avec la 
nivropathief Paris, 1896. 

2* H. L, Hollingworth, Vocational Psychology and Character Analysis, New York, 1929, 
p. 242. 

^^Ihid., pp. 238-41. 

Ibid., p. 244. 

Lipmann, “Zur psychologibchen Charakteristik der ‘mittleren’ Berufe,” Z. /. ang. 
Psychol., 12 (1916), pp. 99-107. See also J. Fontegne, ^Orientation Projessionnelle, Paris, 
1921, pp. 95-101. 
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work, and applied by Liptnann to 121 distinct occupations. Those an- 
swering the questionnaire were asked to indicate ( 1 ) whether each of a 
number of specific traits was indispensable, desirable, or unnecessary; 
(2) whether it was frequently, occasionally, or never involved in the 
performance of duties; and (3) whether it was much, slightly, or not 
at all improved by training. The following are characteristic of the 
items on which ratings were requested: 

1. To perceive objects without easily distinguished characteristics, 
feebly illuminated, and to recognize and to distinguish them rapidly 
from others. 

IS. To discriminate exactly at great distances the speed and direc- 
tion of moving objects, acceleration of movement, and diminution of 
speed. 

26. To read quickly and easily. 

49. To adapt the rhythm of one’s movements to a given tempo. 

55. To execute at the same time different movements with different 
members of the body. 

64. To concentrate attention. 

72. To change the nature of the work frequently and to adapt one- 
self easily each time to the new work. 

85. To criticize one’s own work. 

A somewhat similar procedure has been followed by Ulrichs in the 
determination of the mental characterisucs of the so-called “higher 
professions.” In this case the questionnaire was designed to include 
qualities particularly significant in occupations at this level, classified 
under such headings as (a) physical aptitudes; (b) psychophysical 
aptitudes, subdivided into movement appropriate to an end, movement 
of expression, etc.; (c) mental aptitudes, such as observation, atten- 
tion, imagery; and (d) adaptability, including such items as fatiguabil- 
ity, motivation, social talents, etc. 

The chief contribution in this approach lies in the attempt to state 
in more explicit terms the actual behavior and the psychological traits 
to be considered in the analysis of occupations, and to provide a 
method for rating them. At the same time the traits listed remain some- 
what complex and general in character, and are in no sense mutually 
exclusive. The chief weakness in this procedure is the method em- 
ployed in obtaining information concerning the importance of specific 
traits. Replies given by workers on a questionnaire can hardly be ac- 
cepted as an accurate statement of the requirements of the job. Sup- 
plied by observers untrained in the method of exact observation, the 
answers can be assumed to have little validity in accurately describing 
the qualifications involved in work. 

28 M. Ulrichs, “Die psychologische Analyse der hoheren Berufe als Grundlage einer 
kiinftigen Berufsberatung/* Z. ang. Psy., 13 (1918), pp. 1-36. See also Schr. Ps, Beruf. Wis., 
Leipzig, 1917, No. S. 
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The Job Psychographic Method 

The scientific study of occupational qualifications requires (1) a 
simplified classification of specific mental traits; (2) a standard rating 
technique; and (3) a direct examination of work activities by trained 
observers. These criteria have been applied by the author in the de- 
velopment of a job psychographic method in job analysis.^® The terms 
used for designating mental abilities essential for success in the appli- 
cation of this method are shown on page 153. The following descrip- 
tions illustrate how these traits are defined: 

2. Rate of Discharge. By this is meant the speed with which energy must 
be expended on the job. In some jobs, such as that of the longshoreman, much 
energy is needed, but it is discharged slowly, while in others much energy must 
be expended with great speed, as in emergency work on overhead lines. On the 
other hand, there are jobs in which the energy demand is low, and energy may 
be expended at either high or low speed. 

6. Co-ordination (B). This refers to the harmonious combination of visual 
and muscular functions on the job. It is movement controlled by sight. 
It is important, for example, in such a job as telephone operating, in which the 
operator is required to place a plug into a hole of small diameter, the location 
of which is perceived through the eye. At the other extreme is that of loading 
crates or bales into a box-car, in which Co-ordination B is a negligible factor. 

25. Observation. By this is meant the ability of directing attention so that 
no detail of the performance remains unnoticed. The individual must always be 
aware of what he is doing, continuously giving heed to the minute details of 
his job activity or surroundings. The job of proof-reading, for example, would 
be rated high on observation because it is necessary for the proof-reader to 
notice every small detail of the copy. This is likewise true of most inspection 
jobs. Copying from rough draft would also be rated high on observation, al- 
though not quite as high as proof-reading. In such a job as shoveling, observa- 
tion would be rated low. 

In using this method in job analysis each trait is rated on a 5-point 
scale to designate the extent to which it is essential for success on the 
job, the value of each point being as follows: 

1. Negligible 

2. Barely significant 

3. Significant 

4. Of great importance 

5. Of utmost importance 

The ratings are graphically recorded on a form such as that shown 
on page 153. A line connecting the X^s on the chart gives a job psycho- 
graph. If the form is held so that the specific abilities come at the bot- 
tom of the sheet and the curve strikes horizontally across the page, 

*®M. S. Viteles, “Job Specifications and Diagnostic Tests of Job Competency Designed 
for the Auditing Division of a Street Railway Company,” Psych. CHn., 14 (1922), pp. 83 - 
105. 
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the peaks of the curve reveal at a glance the specific mental abilities 
which, in the opinion of the one who is making the job analysis, are 
most essential in job success. These abilities can be called the *'key- 
stone^* specific mental abilities^ related to the “keystone’’ operations 
of the job or the activities which most clearly distinguish it from other, 
similar jobs. It is these keystone abilities which must be particularly 
tapped when the analytic type of test is used in predicting success on 
the job,®® for it is the possession of these, to the extent required by the 
job, which primarily determines the individual’s fitness for the work. 

The job psychograph shown on page 153 is that of a quUler in the 
textile industry. An examination of this, in comparison with the mate- 
rial shown on pages 151-52, reveals the relationship of the job psycho- 
graph to other data on the characteristics and requirements of the job 
which should be included in a complete job specification. The job psy- 
chograph is that part of the job specification which shows the require- 
ments in the way of mental ability. 

Job Analysis by Test 

Subjective methods for analyzing the mental requirements of a job, 
such as those described above, have been supplemented by the more 
objective techniques of describing qualifications solely in terms of apti- 
tude tests used in predicting the proficiency of an applicant for employ- 
ment on the job. This method, which has been particularly advocated 
by Link, “makes a thorough-going analysis of one job and then, on 


JOB SPECIFICATION NO. 


Name oj Job: quiller 
DUTIES: 


Department: cotton winding Number 
Employed: 15 


1 . Twist in the new warp to the old one. 

2. Set the guides right. 

3. Keep the warp straight and see that the ends are running on properly. 

4. Doff, i. e., take off the bobbins. 

5. Put on new bobbins. 

6. Oil and clean machine. 

7. Straighten out ends with a big lease. 

8. Put on new bands whenever needed. 

9. Take out tangles and twists of the warp. 

10. Take out tangles of the yarn and smashes against the reeds. 

1 1 . Watch for double ends; remove and tie over if any occur. 

12. Make sure that the machine is regulated properly. 

®^See Chapters VIII, pages 129-33, and XII, pages 225-30. 

Taken from E. Cades, “The Textile Industry in Philadelphia,” Psych. Clin., IS (1924), 
pp. 203-228, a study made under the supervision of the author. See also C. L. Wood, “The 
Printing Trade in Philadelphia,” Psych. Clin., 15 (1924), pp. 182-202. 
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NATURE AND CONDITIONS OF WORK: 

Hours from 7 to 5:30, Saturday from 7 to 12. Overtime None. 

Piece rate: Pay beginning at. . .per .raised after to . .and after . .to. . . 


Temporary 

Heavy 


Permanent 

Coarse 

. . • 

Fine 

Dirty 

. . . 

Clean 

Standing 

X 

Sitting 

Noisy 

X 

Quiet 

Walking 

X 

Manual labor 

Stooping 

X 

Clerical 

Lifting 


Operative 

Pulling 

X 

Mechanical 

Pushing 


Counting 

Jerking 

MACHINES USED: 

Tying knots 


X 

Hot 

Steamy 


very 

Wet 


X 

Dusty 


. . . 

Routine . . . 



Varied 



Illumination 

fair 


Ventilation 

fair 

x 

Cement floor 

X 


Wooden floor 

x 

x 

Wet floor 



Quilling machine 

TIME TO LEARN AND NATURE OF TRAINING: Helper for 2 weeks. 
Twisting in twisting chair, etc. Can learn in 3 months. May become a fair 
operator in 6 months. 

PROMOTION from skein winding to no plan 

ALLIED JOBS: Skein winding. 

ADVANTAGES: Good pay, clean work. 

DISADVANTAGES: Mostly standing work; requires careful, constant ap- 
plication. 

REMARKS: This quilling is on various colored yarns. Quilling in Mercer- 
izing Department is all white and generally heavier yarn. 


GENERAL 
Sex — Female 
Age Limits — 16 to 25 
Preferred Age — 18 to 22 
Race and N ationality — 
White American born 


COMPETENCY 
Special Traits 

Distribution 5 

Persistence 5 

Observation 5 

Co-ordination A 4 

Vis. Disc. 4 

Alertness 4 


QUALIFICATIONS 


EDUCATIONAL 
None . . 

Read X 

Write X 

Add & Sub. . . . 
Fractions 

EXPERIENCE 
Required — none 
Desirable — 

Work with yarn 


PHYSICAL 
Height — 

Preferably medium height 
or over 
Weight — 

Medium 

Preferably right handed 
Endurance X 

Power 

Eyesight good 

(Normal or corrected vi- 
sion) 


TEMPERA MENTA L 

Patience 

Carefulness 



JOB ANALYSIS 
JOB PSYCHOGRAPH 


153 


Job: QUTLLER Department: cotton winding 

1 2 3 4 5 Remarks 


1. Energy 

2. Rate of Discharge 

3. Endurance 

4. Control 

5. Co-ordination A 

6. Co-ordination B . 

7. Initiative 

8. Concentration 

9. Distribution (of attention) 

10. Persistence 

1 1 . Alertness 

12. Associability 

13. Visual Discrimination 

14. Auditory Discrimination .. 

15. Tactual Discrimination .. 

16. Kinaesthetic Discrimination 

17. Space Perception 

18. Form Perception 

19. Accuracy 

20. Visual Memory 

21. Auditory Memory 

22. Kinaesthetic Memory . . . 

23. Understanding 

24. Understanding Q 

25. Observation 

26. Planfulness 

27. Intelligence 

28. Intellect 

29. Judgment 

30. Logical Analysis 

31. Language Ability 

32. Executive 



the basis of this study, selects a set of tests which seem to involve the 
same ability as that required by the job. These tests are then tried 
out on a larger number of workers whose ability is known in order to 
find those tests which do this to the highest degree. When tests which 
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are siiffidently significant are found, the result is a standard and scien* 
tifically accurate measurement of those specific abilities which are re- 
quired by that specific job. It is unnecessary to name these abilities?'^ 
The qualities required by a successful inspector, for instance, need not 
be called good visual discrimination, quick reaction time, and steady 
attention. These names are general and serve merely as a starting 
point. The requirements of this job may be stated simply as the ability 
to reach such and such a standard in tests number 2, 6 and 8. There is 
nothing vague, abstract, or general about an analysis of this kind, 
any more than there is about the chemical formula Hrd}3 (sic), 

or the formula in physics. Mass = 16 ‘ 

analyzed in a scientific manner, in such a way that the abilities required 
by that job can be definitely and mathematically gauged.” *® This pro- 
cedure has actually been followed by Link, who lists the qualifications 
for inspectors as: 

Tests No. 33. Shock Absorber (A preliminary test to place the ap- 
plicant at ease). 

No. 1. Eye Test 

No. 6. Cancellation 

No. 8. Number Group Checking Test 

No. 2. Card Sorting.®* 

Somewhat the same procedure has been followed by O’Connor,®* 
who for purposes of vocational guidance has expressed the requirements 
for success in each of a variety of jobs in terms of a short battery of 
tests, without, however, adequately evaluating the battery with respect 
to its validity in predicting success for the job. The procedure of job 
analysis by tests finds its most logical development and elaboration in 
the proposal of Hull ®® for the construction of a single universal battery 
of tests, consisting of perhaps 30 or 40 different test units, for sampling 
all important aptitude determiners. Upon the basis of this battery there 
would be developed separate forecasting formulae for each of the 40 
or SO more important type occupations. In this way there would be 40 
or SO different equations each weighting the combined tests of the single 
battery in a different way so as to make the best possible forecast of a 
particular aptitude. In order to facilitate computation of these equa- 
tions, Hull recommends the use of a calculating machine, devised by 
him, capable of automatically making one aptitude forecast after 
another until the entire 40 or SO have been calculated for the single 


Italics by the author. 

®*H. C. Link, Employment Psychology, New York, 1919, p. 2S9. 
Ibid., pp. 405, 414. 

J. O’Connor, Born That Way, Baltimore, 1928, pp. 323. 

“C. L. Hull, Aptitude Testing, 1928, pp. 487-490. 
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individual.’^ This program, although oriented from the viewpoint of 
guidance, applies equally well to the problem of selection and implies 
a description of the requirements of occupations, and perhaps ulti- 
mately of single jobs, in terms of weighted scores on the universal 
battery of tests. 

The use of test scores in indicating qualifications for jobs has much 
to recommend it. The analogy which Link makes with the chemical 
formula seems pertinent, in the sense that there is a resemblance be- 
tween the combined constituent traits and responses which make up 
the complete job and the single elements which, when mixed, create 
a new chemical product with none of the specific qualities of the 
individual elements. However, at the present time, there are few jobs 
for which adequate batteries have been developed and in the case of 
which an objective statement of requirements in terms of test scores 
can be made. For this reason a systematic subjective analysis and 
statement of qualifications for the job remain as probably the most 
useful procedures in job analysis. Moreover, the preparation of tests 
requires a thorough-going preliminary analysis, in subjective terms, of 
the traits to be measured as a means of shortening the process of test 
development and as an aid in arriving at the extended program of 
analysis and measurement by test envisaged, for instance, in Hull’s 
proposal. 


Job Analysis by Activity 

Both the subjective and the test methods of job analysis have been 
criticized because they employ items not subject to direct observation 
or to direct measurement. So, for example, Kitson describes the sub- 
jective method as “the most precarious tool of vocational analysis, for 
at best it represents only what some one thinks about the components 
of the vocation. It has no basis in fact as scientifically demonstrated, 
and it should be considered as only a second or third best alternative 
to finding out by experiment what is really required in a vocation.” ** 
The same author condemns analysis by test because “it really deline- 
ates the vocation only in terms of extraneous tests, and not in terms of 
the vocation itself,” ” and because on the evidence at hand there is 
no basis for believing that a correlation between performance on the 
test and performance in the vocation is evidence that the two contain 
common, identical elements. Out of this criticism grows the recom- 
mendation that job analysis be limited to an examination of what the 
worker actually does in the occupation. This type of analysis calls 

C. L. Hull, “An Automatic Machine for Making Multiple Aptitude Forecasts,” /. Ed, 
Psych., 16 (1925), pp. 593-98. 

H. D. Kitson, The Psychology of Vocational Adjustment, Philadelphia, 1925, p. 63. 

Ibid., p. 61. 
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for an exact statement of the variable operations that the worker per- 
forms on the job. Such a statement is detailed in character. It may in- 
clude, as in the case of Charters and Whitley’s analysis of secretarial 
traits, hundreds of duties which workers in this occupation may be 
called upon to perform. In the case of single jobs, as in Strong and 
Uhrbrock’s analysis in the printing trade,*^ from 20 to 30 distinct 
operations may be described. Furthermore, this procedure replaces 
analysis in terms of “abstract, general, mental traits” and in terms of 
“tests” with an exact measurement of the output of workers and with 
the classification of requirements in terms of output levels to be reached 
by various grades of workers employed at the same job. So, for ex- 
ample, it is suggested that the speed required in linotyping at the 
upper 10 percentile might be placed at 1000 lines per hour (with no 
more than 1 error in every 38 lines). In proof-reading the median 
requirement might be placed at a speed of 900 lines per hour (with 
no more than 1 error in every 35 lines). Such an approach involves not 
only a gross observation of activity, but minute measurements of the 
actual operations involved at work, and direct comparison of good, 
average, and poor workers as aids in setting up standard qualifications 
for stated levels on the same job. As an example of minute measure- 
ments Kitson cites an investigation of eye movements of proof-readers 
by means of a moving photographic film in which it was found that a 
good proof-reader makes, on the average, fewer pauses than a poor 
one, ( 7 vs. 11), and that the length of the pause is,, on the average, 
shorter for the good reader than for the poor one, (17 vs. 19). In 
addition, the eye movements of the latter tend to be more irregular, 
that is, less rhythmic in character than that of the good proof-reader.*® 


Time and Motion Study 

Job analysis by activity represents essentially a method, early recom- 
mended by Taylor, which has been developed into a highly organized 
system of time and motion study by F. B. and L. M. Gilbreth. “Each 
job,” wrote Taylor, “should be carefully subdivided into its elementary 
operations, and each of these . . . should receive the most thorough 
time study.” As an aid in making possible instruction in standard 
methods of work and in establishing Wage rates, Taylor divided the 
job into its elements and studied the time taken on each part by first 
class men who were induced to work as quickly as possible by the pay- 
ment of increased wages. Time study was soon supplemented by motion 


W. W. Charters and I. B. Whitley, An Analym of Secretarial Duties and Traits, Bal- 
timore, 1924, pp. 186. 

E. K. Strong, Jr. and R. S. Uhrbrock, Job Analysis and the Curriculum, Baltimore, 
1923, pp. 146. 

D. Kitson, op. cit., p. 69. 

W. Taylor, Shop Management, New York. 1911, p. 83. 
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study,** or the analysis of the nature of movements constituting the 
task to make possible its performance in the minimum time with the 
least waste of effort. Pioneering work in this field was done by F. B. 
Gilbreth,*® who both coined the phrase “motion study” and first de- 
veloped procedures for “dividing the activity into its smallest units, 
measuring the variables of those units, studying this data, and deduc- 
ing methods by which the activity may express itself more efficiently.” 
Motion study, “although implying time study, in the sense that the time 
the motion occupies is one test of the efficiency of the motion,” ** seeks 
particularly to eliminate unnecessary movements and to improve the 
necessary ones. In practice time and motion studies are usually closely 
Interwoven as two aspects of a single analysis of methods of work. 

Gilbreth first applied only ordinary observation and the stop watch 
in noting the form and time of movement. However, in the course of 
time recording techniques have been refined, leading to micromotion 
study, involving methods of recording minute movements and their 
surrounding conditions by means of a cinematograph and high speed 
clocks registering extremely small intervals of time. One develop- 
ment took the form of attaching small electric lights to the hands or 
other members of the body, and to parts of the machine involved in a 
task. By exposing a photographic film or plate while the worker is in 
motion there is obtained a continuous white tracing of the path of 
movement, known as a cyclegraph. By using a stereoscopic camera it 
is possible to procure a three dimensional record of movement, known 
as a stereocydegraph. In order to determine the time and speed of each 
part of the movement an accurately timed, pulsating interrupter was 
introduced into the circuit, with the result that a ckronocyclegraph 
was produced, showing a series of dashes instead of a continuous white 
line. This makes possible a determination of exact time, speeds, rela- 
tive times and speeds of movement, etc. In this case again a stereoscopic 
camera can be employed for producing stereochronocyclegraphs or three 
dimensional photographic views of timed movements. 

Further refinements in recording the time and nature of movements 
have included the control of current in such a way that each dash starts 
as a broad band, gradually narrowing in width so as to form a sort of 
arrow head showing the direction of movement. In addition, by means 
of penetrating screens it is possible to measure directly the length of 
movements on any plane by reference to a cross-sectioned background 
forming part of the finished film. Finally, the technique has been com- 
pleted by the use, in the cinematographic work, of a microchror^meter 
showing correct time to 1/2000 second. 

Farmer, “Time and Motion Study,” Ind. Fat. Res. Board Report, No. 14 (1923), 

p. 6. 

F. B. Gilbreth, Motion Study, New York, 1911, pp. 116, and F. B. and L. M. Gilbreth, 
Applied Motion Study, New York, 1017. 

F. B. and L. M. Gilbreth, Fatigue Study, New York, 1916, p. 118. 
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Detailed observations of movements made by these techniques can 
be objectively shown in the form of wire motion models constructed 
by duplicating with wire the paths as shown in the stereochronocycle- 
graphs. Such wire models, when completed, are placed in a black box 
cross sectioned in white to permit measurement in the same way as does 
the penetrating screen. 

These various types of motion studies supplement each other. They 
all have a common purpose, that of making an intensive study of the 
elementary motions in work, of eliminating the unnecessary move- 
ments, and of combining the remaining efficient movements into a 
standard method of work — the one best way of work — requiring a 
certain set combination of motions. 

The most effective combination of movements is determined on the 
basis of an intensive job analysis which involves the preparation of a 
process chart on which is recorded, in order of sequence, every move- 
ment made by the worker, observed by means of the instruments de- 
scribed above. These movements are analyzed into therbligs,** shown in 
Figure 16, defined as the basic elements of motion in industrial 
processes. With each therblig is associated a symbol and a standardized 
cross-hatching of color to facilitate the preparation of charts. By en- 
tering therbligs on a chart showing the elements of motion and their 
times vertically, and the parts of the body involved horizontally, there 
is produced a simultaneous motion-cycle chart or simo-ckart showing 
graphically the body parts involved in an operation, the motions made 
by each, and the relative and actual time consumed by each element 
of motion. A portion of such a chart, taken from a recent study of skill 
by Fairchild, is shown in Figure 17.*® 

There is no question that this type of job analysis can be extremely 
helpful and is perhaps essential in setting up standard methods of work 
and in establishing wage rates.®® However, as far as selection is con- 
cerned, it is in itself of no value because it fails to give any clue to the 
abilities and aptitudes which underlie the operation and the capacity of 
the worker to develop skill in its performance.®* Kitson has clearly fore- 
seen this criticism in his statement that “the objection may be made to 
this demand for analysis of the occupation in terms of itself . . . that 
one cannot tell whether a candidate for an occupation possesses the ca- 
pacities necessary for success in the occupation; for of course, if the oc- 

See Chapter XX, page 434. 

See Chapter XX, pages 433-^7. 

Fairchild, “Skill and Specialization,” Pers. Jour., 9 (1930), p. 43. This chart, it 
must be noted, differs from the usual simo>chart in a number of respects. The therbligs do 
not show exact times, but are of uniform and arbitrary length. In addition, the chart 
includes a record of skill factors, charted alongside the motion or therblig to which they 
belong. This notation of skill factors is in accordance with an analysis of skill made by 
Fairchild described on pages 160-63. The chart shown on page 160 is actually a simo-skiU 
chart. 

Sec Chapter XX. 

E. Clapar^de, V Orientation professioneUe, Geneva, 1922, p. 26. 



159 


JOB ANALYSIS 

cupation is described only in terms of its own operations, there are many 
of these operations which the candidate has not had time or opportunity 
to acquire, and so the analysis would not be helpful in selecting him or 
in guiding him.” This criticism, so well stated but subsequently 
neglected by Kitson, describes exactly the chief weakness of job analy- 


Search 

<lX?Find 
Select 
n Grasp 
>s> Position 
^ Transport loaded 
Assemble 
U Use 

-If Dissemble or take apart 


0 Inspect 

3 Prepare for next operation or preposition 
ft Release load 
ft Transport empty 

Wait (an unavoidable delay) 

Lm oWait (avoidable delay) 
t— ^ Rest (for overcoming fatigue) 

^ Plan 


FiGUHE 16. Gilbreth’s System of Therblig Notation 
{A jter Fairchild) 


sis by activity. At the same time, this procedure can be made the basis 
of a more intensive analysis of underlying factors by means of psy- 
chological techniques. A psychological analysis of those activities in 
which significant differences exist between superior and inferior work- 
ers with respect to time and the movements involved may be of dis- 
tinct value in the analysis of aptitude requirements, and in the choice of 
tests for the measurement of these aptitudes.®'* An example of such 
an analysis is reported by Book,®^ who tested the speed of voluntary 
tapping with a telegraph key in comparison with the speed of typing 
of a number of world’s champion typists, state and district champions, 
and a group of students of typing in the School of Commerce and Fi- 
nance of Indiana University. Rates of finger, hand, forearm, and upper 
arm movement were measured. The most proficient t3^ists proved to 
be superior to others in voluntary motor control, particulju’ly of the 
elbow and shoulder movements and of the left hand and arm. As Hull 
points out, such an “investigation indicates rather definitely , that the 
power of making rapid repeated movements with the hands and arms 
is intimately related to typing aptitude” and suggests that “a test 

•* H. D. Kitson, op. at., p. 66. 

»• C. L. Hull, op. cit., p. 289. 

■*W. F. Book, “Voluntary Motor Ability of the World’s Champion Typists,” /. App. 
Psych., 8 (1924), pp. 283^08. 
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somewhat like the typing test used by Book would very probably be 
a useful unit in a battery of tests designed to forecast typing 
aptitude.’’ 

The Analysis of Skill 

The use of time and motion study techniques as a basis for a further 
analysis of operations in terms of underlying psychological factors is 
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Figure 17. Simultaneous Motion-cycle and Skill Chart 
Machine: Blanchard Automatic. Part: Outer Race Ball Bearing. Operation: 
Surface Grinding 

(After Fairchild) 


illustrated in a recent investigation by Fairchild of skill and special- 
ization in the metal trades.^® For the purpose of this study the in- 
vestigator accepted Pear’s definition of skill as the integration of 
well adjusted performances adapted under varying situations to the at- 

**C. L. Hull, op. dt., p. 292. 

“M. FairchUd, op. cH., pp. 28-71; 128-183. 
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tainment of a desired result}’’ The study started with an analysis into 
therbligs, by Gilbreth motion study techniques, of the operations of 
75 “good average” workmen employed upon 11 types of machines in 
4 plants. The machines included the punch press, drill press, grinder, 
planer, milling machine, engraving machine, grooving machine, hori- 
zontal boring mill, hand-screw machine, and engine and turret lathes, 
used in cutting, boring, turning, grinding, and similar operations. 

Process charts of all selected jobs were made by the investigators. 
These were in turn analyzed into simo-charts, in which the unit of 


"A" Adaptation to machine 
Adaptation to materials 
0 - 1 ^ Adaptation to tools 
• Accuracy of movement 
•—•Motion saving 
[-j-o Adaptation of energy to need 
^ Self-confidence 


5 




Plan 

Sensitivity of eye 
Sensitivity of ear 

.Sensitivity of touch 
Sensitvity of taste 
Sensitivity of smell 
Kinaesthetic sensitivity 


Figure 18 . Symbols for Skill Notation 
{After Fairchild) 


measurement was a therblig of uniform and arbitrary length. For the 
further analysis of these into terms of underlying skill there was pre- 
pared a method of skill notation in terms of standard skill-factors, 
whereby, according to the investigator, “the various aspects of a work- 
man’s skill may be observed and isolated.” The system of notation 
of these skill-factors is shown in Figure 18. The next step in this analy- 
sis took the form of the preparation of a simultaneous motion-cycle 
and skill chart or the simo-skill-chart, consisting essentially of the Gil- 
breth simo-chart supplemented by a skill notation. On this chart each 
skill-factor observable in a workman performing a selected job is 
charted alongside of the motion or therblig to which it belongs. In this 
way skill-factors are graphically related to the elements of the opera- 
tion in which they appear (Figure 17). This simo-skill-chart, there- 
fore, represents a picture of the sequence of the operations and of the 
skill shown by each worker in the performance of every operation. 

When the chart is completed a therblig-skill-avcrage is obtained for 
each worker by dividing the total number of skill-factors by the total 
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number of therbligs charted.*'* The ratio of the therblig-skill-average 
of each worker to a norm-therblig-skill-average of the group of work- 
men to which his work is comparable gives a skill-index, indicating 
the skill of the workman in relation to his job.** By relating the 
therblig-skill-averages to a common base, three indexes were estab- 
lished: (1) an index relating the workman’s therblig-skill-average to 
the average of all the men on similar machines; (2) an index relat- 
ing the workman’s therblig-skill-average to the average for all the men 
in the shop; *** and (3) an index relating the workman’s therblig-skill- 
average to the average for all the men included in the study in the 4 
plants.** An analysis of the figures obtained through the application 
of these formulae (Table IS) shows that the therblig-skill-averages 
of the workmen tend to increase, with few exceptions, from those used 
on the punch press, through drill press, grinders, planer, milling ma- 
chine, engraving machine, grooving machine, horizontal boring mill, 
hand-screw machine and lathes.** This progression gives an indication 
of the relative complexity of skill involved in operations on these ma- 
chines. It is interesting to note that the order is close to the accepted 
grading of the machines by industrialists. The skill indexes provide a 
means of comparing workmen operating complex machines with those 
operating simple ones; of studying variations in skill from plant to 
plant not only with respect to operations, but in relation to training 


»»/6id.,pp. 47-48. 

The formula for the skill-index reads: 


where S.I. = skill index ; 

S = units of skill on one job ; 

T = therbligs on one job; 

2 S = total units of skill in all operations under comparison ; 

2 T = total therbligs appearing in these operations. 

Formula 1 : 

ct_S^2s. Sx2T, 

^ '"“T ■ 2T, ~ Tx2Sx 

where S = the total number of skill factors appearing in any one job performed 
by any one man ; 

T = the total number of therbligs in the same job; 

2 Si = the total number of skill-factor units appearing in all the jobs per- 
formed by men doing similar work; and 
2Ti =the total number of therbligs in. the same jobs. 

(The subscript 1 refers to work on the same machines within the same shop.) 

Formula 2 : 

CT Sx2T« 

T ■ 2t= TxSS. 

(The subscript 2 designates all selected work within the shop.) 

Formula 3: 


OT _ A AS* _ SxSTt 
3.1.3 - X * 2 T, Tx2S. 

(The subscript 3 designates all work studied.) 

M. Fairchild, op. cii., p. 50. 
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methods, satisfaction derived from work,®* wages, and other important 
variables. 

Although the technique employed by Fairchild may be criticized 
because of its subjectiveness, by reason of the arbitrary analysis into 

TABLE 15 

Therblig-skUl-averages and skill-indexes of selected workmen in 

the four plants 


NUMBER IN 
FACTORY 

WORKMAN 

SERUL 

MACHINE 

MACHINE THERBLIG- 

SERIAL SKILL- 

AVERAGE 

SKILL 

INDEX 

PROCF.SS 

BASE 

SKILL 

INDEX 

FACTORY 

BASE 

SKILL 

INDEX 

INTER- 

FACTORY 

BASE 

PLANT A 

1 

10 

Grinder 

VId 

0.79 

74 

32 

22 

2 

8 

Grinder 

Vie 

1.11 

61 

SI 

3S 

3 

12 

Grinder 

VId 

1.30 

121 

S9 

41 

4 

S 

Grinder 

VI b 

1.42 

64 

67 

46 

5 

9 

Grinder 

VId 

1.66 

1S6 

76 

S2 

6 

26 

Punch press 

XII 

1.7S 

96 

80 

SS 

7 

28 

Punch press 

XII 

1.83 

111 

84 

S8 

8 

27 

Punch press 

XII 

1.87 

102 

8S 

S9 

9 

6 

Grinder 

Vic 

1.93 

107 

89 

61 

10 

17 

Engine lathe 

IX a 

2.00 

86 

91 

63 

11 

20 

Engine lathe 

IX a 

7.30 

99 

105 

72 

12 

18 

Engine lathe 

IX a 

2.36 

101 

107 

74 

13 

19 

Engine lathe 

IX a 

2.35 

101 

107 

74 

14 

7 

Grinder 

Via 

2.2S 

129 

107 

74 

IS 

22 

Turret lathe 

IX b 

2.18 

96 

113 

78 

16 

25 

Turret lathe 

IX b 

2.S4 

98 

116 

80 

17 

3 

Grinder 

VI b 

2.S7 

111 

116 

80 

18 

13 

Groover 

VII 

2.60 

93 

119 

82 

19 

4 

Grinder 

VI b 

2.6S 

114 

120 

83 

20 

24 

Turret lathe 

IX b 

2.68 

104 

123 

8S 

21 

21 

Engine lathe 

IX a 

2.90 

124 

131 

90 

22 

14 

Groover 

VII 

2.88 

103 

132 

91 

23 

IS 

Groover 

VII 

2.94 

105 

134 

92 

Mean 




2.19 


97.6 

67.2 

S.D 






26.9 

18.S 

Median . . . 






107 

74 

L.Q 






80 

SS 

U.Q 






119 

82 

Q.D 






19.S 

13.S 


(After Fairchild) 


skill-factors, etc., it represents an extremely suggestive approach not 
only for the evaluation of skill, but as a basis for the still further 
analysis of the underlying capacities necessary for the development 
of sWll. The investigator has carefully refrained from taking this addi- 
tional step and makes clear that the “study made no attempt to dis- 

•» See Chapter XXV. 
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cover or to grade either general or specific inherent capacities.” •• At 
the same time her conclusion, which agrees with that of Pear and of 
Book,*^ that kina^thetic and sense knowledge form the basis of ad- 
justment and adaptability through skill suggests the next step to be 
taken if this type of analysis is to be useful for selection purposes. 

The Gestalt Viewpoint in Job Analysis 

Under the influence of the gestalt or configurational, school in 
psychology there has recently developed a tendency to criticize ad- 
versely all methods of job analysis which involve a division of the job 
into constituent parts. In the latter type of anal3^is it is assumed, for ex- 
ample, that mechanical ability or aptitude as displayed in press machine 
feeding is identical in every respect with that displayed in pattern 
making, and represents a factor common either to all or to many 
manipulative jobs.^® The difference between such jobs lies in the num- 
ber and kind of other abilities or traits or responses associated with 
it, but mechanical ability underlying manipulation of any kind can 
be isolated as a stable and unchangeable factor in the manipulative 
situation. So, for example, in Fairchild’s study, the comparison of the 
workman’s skill rests on the assumption that the relation between the 
same skill-factors used on the different machines included in the study 
is primarily a quantitative relation. That is, “the nature of the skill- 
factor utilized to operate one machine would be comparable to that used 
to operate another.” 

The emphasis in the gestalt point of view is upon the functional 
relationship among the diverse work operations and among the under- 
lying mental qualifications rather than upon isolated elements. Stern,^^ 
for example, distinguishes between the mosaic and structural principles 
in job analysis and insists upon the latter, in which the occupation is 
viewed as a “whole,” as a necessary procedure in determining occu- 
pational qualifications. Lipmann has also objected to detailed analysis 
of occupations into psychological elements, on the ground that as an 
analysis increases in detail, there is a growing inability to isolate func- 
tions characteristic of the job. As Baumgarten has pointed out, “each 
occupation has a characteristic structure. In the analytic t3q)e of occu- 
pational analysis this structure, that is, the specific pattern of single 
functions, is destroyed.” 

M. Fairchild, op, cit,, p. 36. 

T. Pear, op. cit. 

®® W. F. Book, Psychology of SkUl, New York, 1925, pp. 2S7, 

W. Koehler, Gestalt Psychology, New York, 1928, pp. 403. 

M. S. Viteles, “Die ‘Gestalt* Betrachtungsweise in der angewandten Psychologie,** Z. 
ang. Psych., 35 (1930), pp. 525-31. 

Fairchild, op. cit., p. 48. 

W. Stem, “Personlichkeitsforschung und Testmethode,** Jahrbuch der Characterolozie, 
6 (1929). ^ * 

O. Lipmann, “Psychologischc Analyse der Arbeit,” in Atti della 3. Conferenze Inter- 
nationale di Psicotecnica AppUcata all' orientamento professionale, Milano, 1923, p. 42. 

F. Baumgarten, op. cit., p. 134. 
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The application of the “structural" principle or gestalt viewpoint 
in occupational analysis insists upon the maintenance of the structural 
whole. It leads naturally to an emphasis upon the analogous, as con- 
trasted with the analytic type of test, in the selection of workers for 
occupations. This is discussed in great detail in Chapter XII. However, 
as in the development of the analogous test, the analysis by “wholes” 
is beset with methodological difhculties whidi have yet to be overcome 
if this procedure is to attain the importance which it deserves in the 
study of occupational activities and requirements. 

JOB CLASSIFICATION AND GRADING 

Closely allied to job analysis and, to some extent, built upon it are 
the procedures of job grading and classification. These involve a com- 
parison of occupations or vocations as a means of determining relative 
responsibilities and relationships with respect to operations and under- 
lying skills, capacities, and other traits. When used within the or- 
ganization, job grading and classification are employed most frequently 
as a basis for wage schedules — in establishing “a fair return to the in- 
dividual for his part in concerted production as an essential condition 
to his co-operative interest in it.” The procedures are also useful 
in setting up lines of transfer and promotion, in indicating the general 
diversity of requirements in the industrial plant eind in otherwise pro- 
moting the objective of fitting the worker to the job. 

Representative of an early attempt at a psychological classification 
of occupations (in distinction to the analysis of the single job) is that 
of Piorkowski,^® who groups occupations with respect to the amount 
of general intelligence and number and character of specific abilities 
required in the work. This classification includes: 

1. Unskilled occupations in which a minimum of general intelli- 
gence and no special abilities are required for success. 

2. Occupations involving special abilities. These are further sub- 
divided into 

(a) Specialized occupations involving a limited number of simple 
psychophysical traits such as attention, motor response, etc., combined 
with resistance to fatigue and involving a very low level of general in- 
telligence. Many simple machine feeding operations and other repeti- 
tive jobs in industry would be included in this group. 

(b) Middle occupations involving a certain amount of general in- 
telligence and a number of specialized abilities limited in character and 
combined into a mechanized reaction pattern, including, for 'example, 
such job^ as telephone operator, conductor, printer, etc. 

O. Hopwood, “Fundamentals in Salary and Wage Administration,” Amer. Mgt. 
Assoc., Offict Mgt. Series 55, 1930, p. 3. 

Piorkowski, “Beitrilge zur psychologischen methodologie der wirtschaftlichcn 
Bcnifscignung, Beihcfte,” Z. ang. Psych., 11 (1015), pp. 15-16. 
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(c) Higher vocations involving such higher mental traits as decision, 
organization, initiative, judgment, and above all, a capacity to dis- 
tinguish the essential from the non-essential. Such vocations are char- 
acterized by a relative absence of mechanization of response. Intellec- 
tual traits are of particular importance. Medical, dental, and other 
professions, as well as semi-professional occupations, would be included 
in this group. 

Lipmann has proposed a classification of occupations with re- 
spect to: 

(1) the type of mental activity involved, including gnostic (that 
involved in the acquisition of knowledge), technical, and artistic; 

(2) the object upon which activity is centered, viz., people, things, 
ideas. 

A somewhat similar classification has been employed by Toops as 
a basis for the development of tests for purposes of guidance. 

In a number of cases general intelligence done has been applied as a 
criterion in classifying occupations. This type of grading is well rep- 
resented in the analysis of the Army test results discussed on pages 
121-22, leading to a classification of occupations into a hierarchy of 4 
levels with respect to median intelligence test score. The highest level, 
termed the professional level, is subdivided into two parts, including (a) 
those groups having very high educational and professional standards 
(Median Intelligence Rating A), and (b) groups having slightly lower 
educational and professional standards (Median Intelligence Rating 
B). The next lower level includes clerical workers, technical workers, 
and probably those skilled mechanics and skilled operatives who, be- 
cause of high average intelligence and leadership, become foremen 
(Median Intelligence Ratings C +)• In the next lower level there is a 
larger number of occupational groups than in any other, the majority 
falling under the heading of skilled mechanics, skilled operatives, and 
semi-skilled workers (Median Intelligence Rating C). The lowest 
level contains those occupational groups that may be characterized as 
unskilled labor (Median Intelligence Rating C — ).^* Similar classi- 
fications have been suggested by Fryer,*® Scott and Clothier,®* Burt,®® 
Awaji,*® and others. 

Job classification is chiefly valuable 

(a) when undertaken to meet the needs of the individual organiza- 

O. Lipmann, “Psychologic der Berufe,” in Handhuch der Vergleichenden Psychologic, 
(Edited by G. Kafka), Munich, 1922, Vol. II, p. 478 £f. 

H. A. Toops, Tests for Vocational Guidance of Children Thirteen to Sixteen, New 
York, 1923, pp. 1S9. 

Memoirs National Academy of Sciences, Washington, IS (1921), p. 832. 

*0 D. Fryer, op. cit. 

W. D. Scott and R. Clothier, Personnel Management, Chicago, 1923, pp. 643. 

•2 C. Burt, “The Principles of Vocational Guidance,” Brit. J. Psych., 14 (1923), pp. 336- 
3S2. 

**Y. Awaji, “Intelligenzprufung im Japanischen Heere,” Z. ang. Psych., 30 (1928), pp 
81-118. 
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tion and used as an aid in establishing ifs wage rates, lines of promotion 
and responsibility, etc.; 

(b) when prepared, for such use, with due regard for the multiplicity 
of factors affecting the value of the individual to the organization. 

The work of Hopwood,®* of the Philadelphia Electric Company, rep- 
resents an outstanding example of the application of such criteria in 
job grading and classihcation. Hopwood starts with the viewpoint that 
all service within the organization is productive, and that salaries and 
wages should be so co-ordinated that work of equivalent scope and 
merit will return equivalent incomes to the individuals involved. Jobs 
are then graded with respect to skill required, observation and learning 
involved, responsibility, etc., into primary service, slightly skilled serv- 
ice, semi-skilled service, skilled service, highly skilled service or minor 
supervision, major supervision, or highly technical service (included 
under the general heading of Operating Practice), departmental and 
associate management, and general management (under the heading of 
Management). In addition to grading by service, i. e., with respect 
to scope of activity, labor within the organization is classified func- 
tionally with respect to kind of function, e. g., accounting, boiler 
operating, selling, etc. 

The nature of such a classification, which makes it possible to estab- 
lish equivalent rates for the same grade of service in different divisions, 
as well as to promote horizontal transfers among divisions, is shown 
in Table 16. The theory underlying this approach in grading and 
classification is that the general intelligence of the individual limits his 
attainment as to grade, while other specific traits determine his fitness 
for work in particular functional classes. The parallelism between 
service grades and general intelligence levels is indicated in the Army 
test ratings shown in the last column of Table 16. 

The value of job grading and classification procedures lies not only 
in the standardization of organization practices, but in setting up ob- 
jective criteria in dealing with problems of payment, transfer, and 
promotion in the case of the single worker. As Hopwood has pointed 
out,®® it makes it possible to deal equitably with the individual. It en- 
ables the employment manager and supervisor to appraise the indi- 
vidual’s work, in comparison with that of others, with respect to kind 
and status or grade, and to assign him 'a rate which he deserves by 
reason of the status of his work in the organization. 

J. 0. Hopwood, op. cit. (See also M. R. Lott, Wage Scales and Job Evaluation, New 
York, 1926, pp. 161.) 

J. 0. Hopwood, op, cit,, p. 9. 



X. THE INTERVIEW AND ALLIED 
TECHNIQUES 


The selection of qualified workers represents the central problem 
in promoting individual efficiency and adjustment at work. The Per- 
sonnel Department, endowed with this responsibility, has developed a 
number of specialized techniques for accomplishing this objective. 
Chief among these is the interview — a “face to face conference” be- 
tween the applicant and an employment officer. Supplementing this is 
the application blank, on which the applicant furnishes — in more or 
less complete detail — ^information which may be useful in determining 
his qualifications for the job. Before he is granted the opportunity for 
an interview, and to fill in the application blank, the applicant is often 
required to write a letter oj application, and, for some jobs, to submit 
a photograph. The latter is sometimes used by the employment office 
merely to gauge the appearance of a candidate for employment but 
in other instances it becomes the basis for judging “alertness,” “hon- 
esty,” “tact,” and other personal qualities of the individual. The search 
for help in the troublesome problem of fitting workers to jobs has 
also led to the adoption of various “character analysis systems,” or 
techniques for gauging fitness from an examination of physical char- 
acteristics, such as the shape of the face, hands, etc., and of certain 
physiological signs, such as handwriting, posture, etc. 

In general, these methods have been adopted because they seemed 
to fit the needs of the situation — without any attempt to evaluate the 
exact contribution of each. The development of selection procedures 
on a scientific basis makes necessary such an evaluation: first, to de- 
termine the extent to which each method serves to discriminate be- 
tween suitable and unsuitable workers, and secondly, to provide means 
of improving the predictive value or forecasting efficiency of those 
methods which seem to contribute something to adequate selection. 
Numerous such studies have been made in the case of each of the 
techniques mentioned above. Only a few of them can be described in 
this chapter, but they will serve to indicate the character of such in- 
vestigations, the results obtained, and the conclusions that have been 
drawn concerning the serviceability of each method. ' ^ 

I — THE INTERVIEW 

The interview represents the most favored technique of the Per- 
sonnel Department in fitting workers to jobs. There are few instances 
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in which a man is hired without a personal conference, even when 
other procedures are employed. As a matter of fact, in the majority 
of industrial organizations placement is based almost exclusively upon 
the interview, which most frequently takes the form of a brief and 
informal discussion of data furnished by the candidate on an applica- 
tion blank. This conference is made the occasion for an appraisal of 
the individual in the light of the requirements of the job and of his 
possibilities for development in relation to the varied opportunities 
available in the industrial plant. Throughout the interview the task 
is one of diagnosis. “The interviewer looks for symptoms that indicate 
fitness or unfitness for a job. The information he secures from an 
applicant helps to fill out the details of a mental picture which he is 
trying to complete. It is a picture which fits the applicant into the 
job, or which rules him out of consideration.” ^ 

Although widely used, the interview is subject to many errors in 
gauging fitness for work. Unless carefully employed it may give an 
entirely distorted picture of individual fitness and result in gross in- 
justice to the individual who is rejected and in the selection of gen- 
erally unsuitable workers for many jobs in the industrial organization. 
The value of the interview for selection purposes is limited first, by 
certain practical difficulties in its administration, and secondly, by 
sources of error inherent in interviewing techniques as ordinarily em- 
ployed. 

The Time Element in Interviewing 

The practiced difficulties grow largely out of the limitations in the 
way of the time that can ordinarily be devoted to the conference with 
the applicant. Partly because the policy of many firms is not to turn 
away applicants for employment without a brief interview, and partly 
because refined judgments can be made only with difficulty in an 
interview, many applicants must be interviewed before one is hired. 
This naturally means that little time can be devoted to a single appli- 
cant. A report from the Curtis Publishing Company states that 75 
applicants were interviewed to fill a single vacancy in the typing force. 
The same organization interviews from 10 to SO applicants to obtain 
1 stenographer, 20 to 25 to procure a high grade clerk, and 10 to IS 
to procure an ordinary clerk. “ 

During 1929 the Kearny Works of the Western Electric Company 
increased its force from approximately 12,000 to 20,000. To make this 
increase and to take care of normal turnover approximately 22,000 
employees were hired. These were selected from 176,000 applicants. 
In other words, the ratio between interviewing and hiring was 8 to 1. 
Approximately 40 per cent of applicants were weeded out in the course 
of a preliminary interview, lasting only about 1 minute, but even with 

1 W. V. Bingham and B. V. Moore, How to Interview, New York, 1931, pp. 75-76. 

• C. H. Griffitts, Fundamentals o) Vocational Psychology, New York, 1924, p. 94. 
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10 interviewers not more than about 5 minutes on an average could 
be devoted to each of the remaining applicants.* 

In 1929 approximately 176,000 applicants for employment were 
interviewed by R. H. Macy & Company of New York.* Of these 
about 13,000, or roughly 1 in 13, were employed. Again the pre- 
liminary interview lasted approximately 1 minute, and the second or 
final interview approximately 5 or 6 minutes. In this case it is interest- 
ing to note that by training preliminary interviewers and by increasing 
the time from approximately 1^ to 3 minutes, it was possible to pro- 
vide a better sifting of applicants in the preliminary interview, thereby 
reducing the number chosen for further examination. Those chosen 
for the second interview received a searching examination lasting from 
20 to 25 minutes. By this process, in 1930, in spite of an increase in 
the total number of applicants, it was possible to reduce to 35,057 
the number undergoing searching interviews as a means of hiring 
11,380 new employees. 

The time difficulty in interviewing is real and should not be under- 
estimated in considering the factors which help make the interview un- 
reliable. At the same time, the fact that the interview must be short 
makes it all the more necessary to eliminate from it all removable 
sources of error as a way of increasing its diagnostic value. 

Sources of Error in the Interview 

The chief sources of error in the interview may be briefly sum- 
marized as follows: ® 

1. Conditioned reactions. As a result of associations with peculiari- 
ties of gait, posture, clothes, expression, the interviewer may develop 
a tendency to react favorably or unfavorably to these stimuli. So, for 
example, the formulation of the vague judgment “I rather like him; I 
should say he is clever, but I don’t altogether trust him,” * may merely 
result from the fact that the posture or gait of the applicant resembles 
that of some individual with whom the interviewer has had an un- 
pleasant experience in the matter of cunning or dishonesty. Only too 
frequently in the interview the final judgment expresses the sentiment 

“I do not like thee. Dr. Fell, 

The reason why I cannot tell; 

But this I know, and know full well, 

I do not like thee. Dr. Fell.” 

2. Belief in generalized habit. Another factor affecting the inter- 
view and judgments is the common belief that habits are general rather 


* W. V. Bingham and B. V. Moore, op. cit., p. 58. 

* Ibid., pp. 60 - 62 . 

® Adapted in part from C. H. Griffitts, op. cit., pp. 119-26. 

®E. H. Magson, “How We Judge Intelligence,** Brit. J. Psych. Mono. Suppl. No. 9 
(1926), p. 3. 
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than specific. Neatness in clothes is interpreted as a sign that the ap- 
plicant for a clerical job will show neatness in her work. Frowzy or 
wind-blown hair may create an impression of general untidiness that 
leads the interviewer to reject the applicant. Many an applicant for a 
stenographic position has been refused employment because speech 
and movement are slow, on the assumption that she will likewise show 
an absence of speed in taking and transcribing dictation. 

3. Unintentional bias. Unintentionally, questions may be phrased 
so as to reveal the bias of the interviewer and to evoke an appropriate 
answer. This is well illustrated in an investigation by Stuart A. Rice ^ 
who analyzed the records of interviews by 12 investigators of 2000 
homeless men, applicants for lodging, and discovered evidence of a con- 
tagious transfer of each investigator's individual bias to the applicants 
with whom he talked, and a corresponding distortion in their replies 
to scheduled questions. One of these interviewers was an ardent pro- 
hibitionist. He found the downfall of 62 per cent of the applicants to 
be due chiefly to liquor, while only 7 per cent had been seriously 
affected by industrial conditions. Another interviewer, a Socialist, 
found that only 22 per cent owed their plight primarily to liquor, and 
that 39 per cent had been affected chiefly by industrial causes. More- 
over, the prohibitionist reported that 34 per cent of the applicants 
themselves gave liquor as the cause, and 42.5 per cent industrial 
conditions; but the Socialist quoted only 11 per cent as blaming 
liquor and 60 per cent as blaming industrial conditions. Each inter- 
viewer was a trained and conscientious investigator, but his per- 
sonal bias affected his interpretation and report, and even modified the 
statements made to him by the men he questioned. 

Unintentional bias has been described by Woodworth ® as the ''pre- 
conception controlling the interpretation'* of facts. This, as Wood- 
worth has pointed out, is an attitude or “mental set” on the part of 
the interviewer which controls his perception, report, and interpreta- 
tion of facts in no small degree. Whether the interviewer will find 
an inferiority complex, stupidity, or sexual obsession on the part of an 
applicant or worker will depend partly on his orientation and bias ac- 
quired through study and reading. 

4. The jaUure to define terms employed in the interview is a fertile 
source of error in arriving at judgments. 'This applies not only to the 
description of traits on which judgments are to be made, but to the 
standards employed in grading them. Moreover, very frequently, facts 
or questions are so expressed as to convey different meanings to the 
interviewer and interviewee. 

5. Nervousness of the subject in the course of the interview is an- 
other factor to be considered. This may be more important in the case 

^ S. A. Rice, “Contagious Bias in the Interview,” Amer. J. Soc., 35 (1929), pp. 420-423. 

• R. S. Woodworth, “Psychological Experience with the Interview,” J. Pers. Res., 4 
(1925), pp. 164-165. 
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of the really desirable applicant who, because of long years of service 
on one job, has had little opportunity to accustom himself to the trial 
of the interview, than for an individual who, as a result of frequent 
change of jobs and frequent interviews, has learned how to conduct 
hims elf in the course of such a conference. 

6. Mimetic tendencies influence the interview. There is a general 
tendency for one individual to express the feeling or emotion which 
he observes in another. Because of this, the transient mood of both 
the interviewer and interviewee will markedly affect the results of 
the interview. 

To remove or counterbalance these sources of error requires the ex- 
perimental study of the interview and interviewing techniques. The 
objectives of such experimental study are: (1) to determine the in- 
fluence of each factor upon the interview; (2) to study the actual 
effectiveness of the interview in selecting men; and (3) to devise 
means for overcoming the effect of adverse influences as a means of 
increasing the effectiveness of the interview. 

Experimental Studies of the Interview 

Experimental studies of the interview have, in general, been de- 
signed; 

1. To determine its reliability, that is, the extent of agreement among 
judgments made by independent interviewers. 

2. To check its validity — the predictive value of judgments made 
in the course of the interview — in other words, the efficiency of such 
judgments in forecasting the success or failure of applicants for em- 
ployment. 

3. To observe the effect of certain changes introduced into inter- 
viewing procedures as a means of increasing their reliability and 
validity. 

Among studies on the reliability of the interview is an early investi- 
gation by Hollingworth * in which 57 applicants for sales positions 
were interviewed by 12 experienced salesmanagers responsible for 
selecting salesmen. Interview procedure was not prescribed, but was 
left to the dictates of the interviewer. Typical results are shown in 
Table 17, which gives rank assigned to each of 3 subjects by the 12 
interviewers. Applicant A, for example, is rated as No. 12 in fitness 

TABLE 17 



1 

2 

3 

4 

s 

6 

7 

8 

9 

10 . 

11 

12 

A 

33 

46 

6 

56 

26 

32 

12 

38 

23 

22 

22 

9 

B 

36 

SO 

43 

17 

SI 

47 

38 

20 

38 

55 

39 

9 

C 

S3 

10 

6 

21 

16 

9 

20 

2 

57 

28 

1 

26 


• H. L. Hollingworth, Vocational Psychology and Character Analysis, New York, 1929. 
pp. 115-119. 
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by one salesmanager and as No. 46 by another. The differences are 
even more marked in the case of C, who is rated as No. 1 by one judge 
and as No. 57 by another. 

It is evident that reliability of the interview, as indicated by extent 
of agreement among individual raters, is extremely low. 

Similar results are reported by Scott,*® who asked 6 salesmanagers 
to judge the ability of 36 applicants for sales positions. In a later ex- 
periment, Scott checked the validity of the interview by requiring 13 
executives to rate the sales ability of 12 men. Later he compared the 
production records of these salesmen with the opinions of the inter- 
viewers. The unreliability of the interview is again revealed in marked 
differences in ratings assigned by individual interviewers. The inter- 
view is shown to have low forecasting efficiency, or validity, since the 
average correlation of estimated ranks in sales with actual production 
records gives less than 25 per cent better than chance prediction. How- 
ever, the correlation in the case of one interviewer is as high as 0.87, 
or a little over 50 per cent better than chance. 

An intensive study of the value of estimates made in the course of 
an interview has been reported by Magson,** who was interested in 
investigating how judgments of intelligence are made in everyday life. 
The judges were men and women in a variety of occupations, includ- 
ing a publisher, builder, clerk, chemist, teacher, etc., who passed judg- 
ments on 149 men students from 2 London Residential Colleges for 
Teachers. In all 91 judges took part in the work, divided as follows: 


JUDGES 

(a) Estimate of general ability based on an interview 35 

(b) “ “ “ “ “ shorthand reports of interviews 28 

(c) “ “ “ “ “ prolonged acquaintance 29 

(d) Estimates of sense of humour based on prolonged acquaintance 25 


(e) 

U 

general cheerfulness “ “ 

n 

25 

(f) 

tl 

quickness of apprehension “ 

u 

25 

(g) 

<( 

profoundness of apprehension “ 

ti 

25 


Students were divided into 6 approximately equal groups, each 
judged by 5 to 7 judges who were allotted to each group for each set 
of estimates. The subjects were given 2 series of 8 intelligence tests 
and, in certain cases, estimates were obtained from acquaintances as 
another basis of comparison. The mean intercorrelations between all 
these measures are shown below: 


low. D. Scott, “Selection of Employees by Means of Quantitative Determinations,” 
Ann. Amer. Acad. Pol. Soc. Set., 65 (1916), pp. 182-193. See also D. A. Laird, Tke Psy* 
chology of Selecting Men, New York, 1925, pp. 104-107. 

11 E. H. Magson, op. cit. 

« Ibid.,p. 106. 
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(a) Interviews and shorthand reports 

0.37 

PROBABLE ERROR 

0.048 

Interview estimates and tests 

0.15 

0.054 

(b) Shorthand reports and tests 

0.13 

0.055 

(c) Interviews and mature estimates 

0.22 

0.053 

(d) Shorthand reports and estimates 

0.17 

0.054 

(e) Mature estimates and tests 

0.54 

0.039 

(f) Interviews and sense of humour 

0.13 

0.067 

(g) “ “ cheerfulness 

0.16 

0.066 

(h) “ “ quickness 

0.13 

0.067 

(i) “ “ profoundness 

0.09 

0.068 

(j) Mature estimates and sense of humour 

0.37 

0.058 

(k) “ “ “ cheerfulness 

0.18 

0.066 

(1) “ “ “ quickness 

0.56 

0.047 

(m) “ “ “ profoundness 

0.89 

0.013 

(n) Tests and sense of humour 

0.18 

0.066 

(o) “ “ cheerfulness 

0.15 

0.066 

(p) “ “ quickness 

0.33 

0.060 

(q) “ “ profoundness 

0.17 

0.066 

(r) Sense of humour and cheerfulness 

0.85 

0.019 

(s) “ “ “ “ quickness 

0.73 

0.031 

(t) “ “ “ “ profoundness 

0.41 

0.056 

(u) Cheerfulness and quickness 

0.62 

0.040 

(v) “ “ profoundness 

0.14 

0.066 

(w) Profoundness and quickness 

0.74 

0.030 


An analysis of results leads Magson to conclude that “the interviews 
prove to be practically valueless as a means of measuring general 
ability, for the pool of the interview estimates gives a very small cor- 
relation with both mature estimates and the intelligence tests. Similarly, 
there is very little correlation between the interviews and the differen- 
tiated estimates of sense of humour, cheerfulness, quickness, and pro- 
foundness.” An analysis of introspections shows that the chief factors 
on which the interview estimates are based are (1) answers to the 
questions during the interview, and (2) the manner, facial expression, 
and personal appearance of the subject. 

One of the most comprehensive studies of the interview forms part 
of an English investigation on vocational guidance. The study in- 
cluded an analysis of character estimates made in the course of an 
interview by ordinary methods, and by methods roughly described as 
psychological. It involved also a comparison of the judgments of non- 
trained observers with the judgments of psychologically trained ob- 
servers. 

In the first step of the study estimates on the character traits of 

Ibid., pp. 107-108. 

W. Spielman and C. Burt, “The Estimation of Character Qualities in Vocational Guid- 
ance,” Ind. Fat. Res. Bd., Report, No. 33, 1926, pp. 57-72. 
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32 children were made by 2 competent observers, unacquainted with the 
children, and by 2 teachers who had had them under their care for 
some time. The traits included honesty, conscientiousness, industry, 
ambition, self-respect, ability to get on with others, and good humor. 
Taking the traits in order, when the judgments of the two observers 
are compared with those of the teachers, the correlations are 0.19, 
0.27, 0.29, 0.32, 0.42, 0.31, 0.39, with an average of 0.31. In other 
words, reliability of the judgments is low. The average coefficient for 
the 2 teachers who knew the children was 0.S4, showing somewhat 
better reliability. The correlation between teachers’ judgments and 
that of observers averages 0.22. In other words, the validity of judg- 
ments by strangers is also low. 

An analysis of estimates made by the ordinary method showed that 
the qualities selected for judgment were complex and vague. There 
was found to be a great deal of disagreement among the teachers and 
the other observers with respect to meaning of these terms. More- 
over, the analysis showed that there was no standard concept of mean- 
ing with respect to the value of a given grade in rating these traits. 

In setting up the improved, or psychological interview, steps were 
taken to overcome these weaknesses. The first step was that of select- 
ing and carefully defining (1) simple and (2) complex qualities. The 
simple qualities included submissiveness, fear, assertiveness, socia- 
bility, anger, tenderness, cheerfulness, sorrow, sex, disgust, curiosity, 
and impulsiveness. The secondary group included self-confidence, en- 
ergy, quickness, initiative, co-operation with superiors, co-operation 
with equals, co-operation with inferiors, industry, punctuality, and 
reliability. Each of these was carefully defined, and a rating sc^e or 
method for facilitating the expression of judgment in standard, ob- 
jective terms was developed. Thirty children were then graded by 2 
independent investigators who marked the same group after a short 
interview. 

The correlation of the two independent observers for each trait is as 
follows: submissiveness .85; fear .75; assertiveness .74; sociability 
.72; anger .71; tenderness .68; cheerfulness .60; sorrow .56; sex .51; 
disgust .42; curiosity .37; inquisitiveness .23; with an average of .60. 
For the complex qualities the figures are: self-confidence .77; energy 
.64; general emotionality .62; quickness .61; initiative .57; industry 
.54; honesty .52; co-operation with equals .50; co-operation with su- 
periors .55; reliability .36; with a general average of .55. The closer 
agreement between the independent observers in this part of the ex- 
periment means that it is far easier to procure consistent, or reliable 
estimates of character qualities when the qualities are defined and 
when a standard scale is prescribed for rating these qualities. 

A further analysis showed that simple or primary qualities can be 
estimated with greater reliability than complex. Those qualities which 
are emotional in character are easier to assess than those not emotional 
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in character. Of the secondary qualities those which spontaneously 
emerge in the test performance, such as quickness^ energy, etc., are 
the ones which can be most easily and most reliably assessed. Where a 
quality cannot be directly checked in the course of an interview and 
where the estimates, therefore, have to be based on indirect inference, 
such as co-operation with equals, etc., the reliability of the judgment is 
low. Where the qualities to be assessed are moral, such as honesty, 
and where extreme manifestation is anti-social in character, the quali- 
ties are generally concealed in the course of the interview. 

In another part of the experiment 6 young adults were assessed 
by (1) psychologically trained acquaintances and (2) psychologically 
trained observers not acquainted with the subjects. The reliability of 
the estimates of acquaintances is high, averaging 0.75 for the primary 
qualities and 0.68 for the secondary. The agreement between non- 
acquaintances is also relatively high, 0.63 and 0.60 respectively. The 
correlations between the estimates of acquaintances and strangers are 
+ 0.58 for the primary qualities and + 0.46 for the secondary quali- 
ties. In other words, the validity of the estimates under these conditions 
is as high as for most existing tests of temperament and character and 
of many tests of competency used in the industrial situation. The value 
of the results are clouded by the small number of cases, but the experi- 
ment is of unusual interest from the viewpoint of possible techniques 
for the improvement of the interview. 

A comparison of judgments made in the first 6 interviews with those 
of the last 6, in the second part of the English study, showed increased 
agreement among observers with practice (+ 0.52 and +0.69 respect- 
ively) . The effect of training and practice appears more clearly in a recent 
study by O’Rourke,^® who has prepared a form for use in connection 
with the investigation of applicants for Government service. In this, 
the possible answers to each of the essential questions used in inter- 
viewing are anticipated and printed under respective questions on an 
interview form. All answers are coded, information that is derogatory 
being indicated by the letters X, Y, Z, information not derogatory or 
requiring further consideration, coded A, B, C. Interviewers’ judg- 
ments are then expressed in terms of this code. The estimates of 3 
different interviewers may be placed on the same sheet for purposes 
of comparison. The same procedure is followed in case of oral exami- 
nations, where all types of answers are anticipated and a definite pro- 
cedure prepared for following up the problems on the basis of each 
response. According to O’Rourke, two weeks of training makes it pos- 
sible for examiners to administer such oral examinations. Improve- 
ment under training in the use of this method is shown in Figure 19. 
“On the basis of oral examinations administered by a trained examiner, 
30 trainees who witnessed the examinations were required to assign to 

>®L. J. O’Rourke, A New Emphasis on Federal Personnel Research and Administration, 
Washin^on, 1930, pp. 19-21. 
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each ‘applicant’ one of the four possible ratings represented by the 
narrow columns. The height of each black column indicates the per- 
centage of trainees giving that rating. The first three ‘applicants’ were 
rated on the first day of the course, before instructions as to ratings 
had been given. The progress toward uniformity is indicated by the 



FiGUHE 19. Progress Toward Uniformity in Rating During First Half of 

Training Course for Examiners 

(After O’Rourke) ^ 

decreasing diversity in the ratings assigned to each seventh ‘applicant’ 
(Nos. 1, 8, IS, 22) during the first week of the training course.” 

How to Improve the Interview 

Experiments such as those described above have suggested that 
although the interview as ordinarily conducted is unreliable and of 
low validity, better results can be obtained from the interview by mak- 
ing cerUiin changes in it. Steps to be taken for improving the inter- 
view may be briefly summarized as follows: ” 

1. Interviewers should be carefully selected. 

2. Interviewers require training in the techniques of conducting the 
conference so as to make most advantageous use of data obtained in 
the course of the interview. 

3. Traits to be rated in the course of the interview should be care- 

^•Ibid„ p. 21. 

See W. V. Bingham and B. V. Moore, op. at., pp. 40-53, and P. M. Symonds, op. at., 
pp. 460-474. 
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fully defined and objective methods for expressing judgments on these 
traits be provided. The traits chosen for rating will naturally be those 
required on the particular job and will differ from job to job. Such 
estimates can best be expressed on carefully prepared rating scales 
of the tj^e described on pages 206-12. 

4. Questions to be asked in the interview must be carefully phrased 
so as to convey the correct meaning. 

5. Interview procedures are in need of standardization. There are 
varying opinions on the extent to which the interview should be 
standardized. Certain investigators contend that it should invariably 
follow a prepared schedule. Some have gone as far as to require that 
all questions be written out and presented on cards so as to avoid the 
influence of intonation of voice and facial expression in questioning.^* 
A free, untrammelled discussion is recommended by others. An example 
of a middle course is to be found in the interviewing practices formu- 
lated by Anderson in connection with the selection of employees for 
R. H. Macy and Company of New York.^* 

6. Repeated interviews and comparison of judgments by independent 
observers help to increase the reliability and validity of the interview. 

7. As far as possible the occasion should be provided for objective 
activities in the course of the interview and for judgments based on 
the observations of reaction during such performance. Under such 
conditions the interview may take on the characteristics of a psy- 
chological examination in which emphasis is placed upon the qu^ity 
of performance as well as upon test scores.*® 

n — THE APPLICATION BLANK IN SELECTION 

The application blank, generally filled in by the candidate for em- 
ployment prior to the interview, represents another traditional aid in 
selection. There are wide variations among such forms with respect to 
the type of information requested. Some are limited to name, address, 
age, previous emplo 3 rment; others include a great number of detailed 
questions on personal history, family history, previous work experi- 
ence, church and social affiliations, etc. However, although many or- 
ganizations use such blanks, only a few of them have undertaken to 
determine the exact value of the blank — more particularly of indi- 
vidual items which appear on it — ^in determining fitness for work. 
Investigations undertaken for this purpose have, on the whole, been 
extremely useful in improving selection by isolating those items in the 
blank which correlate best with job success. These studies' furnish 
justifications for the conclusion by Kenagy and Yoakum, that “the 

^*S. A. Queen, “Social Interaction in the Interview: An Experiment,” Sodal Forces, 6 
(1928), pp. S4S-SS8. 

V. V. Anderson, “A Psychiatric Guide for Employment,” Ptrs. J. 6 (1928), pp. 417-441. 

»* See Chapter XII, pages 247-48. 
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ideal toward which each company should direct its efforts is an appli- 
cation blank containing all the items which have a definite known 
significance for success on the job.” 

Experimental Studies of the Application Blank — Salesmen 

The method of application blank analysis has been most successfully 
applied in the field of selling. At the moment, it is probably more 
helpful than any other of the techniques which have been tried out for 
predicting success in this field. Its methods and results are illustrated 
in an early study by Goldsmith,®® who applied a scale of “weighted 
values” to items on personal history (application) blanks of 502 life 
insurance salesmen. Weights for individual items, shown below, were 
established in a preliminary study of 34 salesmen and tried out on a 
second group of 50 sub-divided into 3 groups; failure, moderately 
successful, successful, on the basis of production results of the first year 


AGE 


MARITAL STATUS 


18—20 

— 2 

Married 

+ 1 

21—22 

— 1 

Single 

— 1 

23—24 

0 



25—27 

+ 1 

OCCUPATION 


28—29 

+ 2 

Social 

+ 1 

30—40 

+ 3 

Unsocial 

— 1 

41—50 

51—60 

+ 1 

0 

SERVICE 


Over 60 

— 1 

Full Time 

+ 2 



Part Time 

— 2 

EDUCATION 




8 years 

+ 1 

INSURANCE 

Carried 

+ 1 

10 years 

+ 2 

12 years 

+ 3 

Not Carried 

— 1 

16 years 

+ 2 

CLUBS 



Belongs to Clubs -j- 1 

Does not Belong — 1 


EXPERIENCE 

Previous Life Insurance Experience -f- 1 

CONFIDENCE 

Replies to Question: “What amount of insurance 
are you confident of placing each month?” -f- 1 

Does not reply — 1 

•'H. S. Kenagy and C. S. Yoakum, Selection and Training of Salesmen, New York, 
IMS, p. 194. 

** D. B. Goldsmith, “The Use of the Personal History Blank as a Salesmanship Test,” 
J. App. Psych., 6 (1922), 149-SS. 
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of employment. In the case of the 502 salesmen, Goldsmith was able 
to set a critical score which eliminated 54 per cent of the failures and 
only 16 per cent of the successful salesmen. 

In a study of 4178 agents of 18 life insurance companies Manson 
finds a correlation of + 0-40 between production records and an ap- 
plication score obtained by combining age at time of application, 
amount of insurance carried, number of previous jobs and number of 
dependents. Studies by Swartz,“* Johnson,®* and Andrews ®® present 
further confirmatory evidence of the value of this method in selection. 
A comparison by the latter of personal history scores and earnings of 
73 salesmen shows the possibility of eliminating 70 per cent of the 
failures without losing a mediocre or successful salesman. 

Russell and Cope have studied the application blanks of 500 
salesmen selected during the years 1919 to 1921 inclusive by the 
Phoenix Mutual Life Insurance Company. The treatment of the per- 
.sonal history blank items showed the following twelve to be of value 
in discriminating between successful and unsuccessful salesmen classi- 
fied on the basis of earning records: 1. Age, 2. Number of dependents, 
3. Marital status, 4. Schooling, 5. Years since leaving school, 6. Selling 
experience — life insurance, 7. Selling experience — general, 8. Member- 
ship in social organizations, 9. Officership in social organizations, 10. 
Home investments, 11. Number of investments, 12. Insurance c?irried. 

The method employed for computing the score for each item can be 
illustrated by reference to marital status. The analysis of application 
data showed that 59 per cent of the men who were married at the time 
of employment were in the successful group, whereas only 49 per cent 
of single men were in this group. A score of 59 was therefore allowed 
to each married applicant and 49 to each single applicant. An analysis 
of selling experience showed that of men with no selling experience of 
any kind, 66 per cent were successful, of men with 3 to 6 years’ experi- 
ence, 86 per cent were successful, and of those with over 6 years’ ex- 
perience, 90 per cent were successful. The scores 66, 86, and 90 
were therefore assigned to these respective lengths of experience in 
selling. 

When applicants’ blanks were scored in this way it was found that 
of salesmen selected in 1920 none who made composite scores of less 
than 640 were successful. Of those who made scores above 670, 76 
were successful and 27 failures. Of those with scores ranging from 
641 to 670, only 24 were successful and 42 were failures. In other 

** G. E. Manson, “What Can the Application Blank Tell?” J. Pers. Res., 4 (1925), pp. 
1—28. 

G. O. Swartz, “Selecting Salesmen,” J. Pers. Res., 2 (1924), pp. 4S7-4S9. 

2®0. R. Johnson, “Basing Selection of Salesmen on Analysis of Company Experience,” 
Serv. Bull., Bur. Pers. Res., 5 (1923), pp. 22. 

2® G. L. Andrews, A Grading System for Picking Men, Sales Mgt., 1922, pp. 143-144. 

27 W. Russell and G. V. Cope, “A Method of ^ting the History and Achievements of 
Applicants for Positions,” Public Personnel Studies, 3 (1925), pp. 202-209. 
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words, the elimination of those with scores below 640 would apparently 
bar no successful salesmen. The use of a score above 670 would lead 
to the inclusion of a small percentage of failures. One out of three with 
scores between 641 and 670 could be expected to be successful. 

According to the authors there has been a marked increase in sales and 
in the stability of those employed as salesmen as a result of the appli- 
cation of this new method of selection. In 1919, 56 out of each 100 sales- 
men employed failed to last out the first year. In 1921-1922, when the 
new plan was fairly operating, only 42 out of each 100 salesmen em- 
ploy^ failed to remain one year. Between 1922 and 1925, this figure 
had been further reduced to 30 out of each 100. This represents a tre- 
mendous saving, inasmuch as it costs between $50,000. and $100,000. 
to select and train 100 salesmen. Moreover, whereas in 1912 the com- 
pany employed 1700 salesmen to sell insurance to the value of $20,- 
500,000.; in 1923, under the new plan, 375 salesmen had sold insurance 
to the value of $52,000,000 

Predicting the Earnings of Taxicab Drivers from Application Blanks 

The applicability of application blank analysis in predicting sales 
ability has appeared in the study by the author of taxicab drivers. Al- 
though this is not ordinarily realized, one of the chief responsibilities 
of the cab driver is that of selling transportation. In the Yellow Cab 
Company of Philadelphia, where this study was made, taxicab operators 
were actually known as driver-salesmen and instruction in merchandiz- 
ing and sales campaigns were made part of the operating policy of the 
company by E. S. Higgins, General Manager at the time the study was 
made. 

A preliminary investigation showed that neither a mental alertness 
test that was being used in hiring driver-salesmen, nor a test for de- 
termining accident susceptibility had any value in predicting sales 
ability as measured by gross income and by earnings on a commission 
basis. An intensive study was then made of the application blanks of 
80 driver-salesmen employed during 1924 and still in the employ of 
the company in March, 1926. This group included the 40 men with the 
highest earning record during 1925, and the 40 men with the lowest 
earning record during the same year — in all, approximately the best 
25 per cent and poorest 25 per cent of talesmen hired in that year.®* 

The technique devised by Russell and Cope was used in andyzing 
application blank data, and in assigning weights to items which ap- 
peared to distinguish between successful and unsuccessful driver- 
salesmen. These included age, nationality, marital status, number of 
children, number of other dependents, trade followed prior to employ- 
ment by Yellow Cab Company, and weight. 

Before applying in selection the total scores obtained by weighting 

*• See Oiapter VI, pages S8-60. 

** See page 181. 
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these items, the method was checked by scoring the application blanks 
of all driver-salesmen hired during the first 6 months of 1925 — a total 
of 188 divided into 25 per cent best, 50 per cent average, and 25 per 
cent poorest from the viewpoint of average weekly earnings during 
1925. An analysis of application scores showed that if 270 had been 
used as a critical score in selecting these driver-salesmen, 60 per cent 
of the poorest earners would have been rejected. At the same time, 22 
per cent of the best earners and 18 per cent of the average earners 
would have been refused employment. Of 53 men who would have 
been refused emplojmient on the basis of application score, 19 per cent 
were found to be among the best earners, 39 per cent among the average 
earners, and 5 1 per cent among the poorest earners. 

Before using this procedure in hiring a study was also made of the 
earnings during the first 18 weeks of employment of all driver-salesmen, 
72 in number, hired from November 22, to December 31, 1926. Al- 
though not considered in employment, application scores were com- 
puted. Figure 20 shows the average weekly earnings, over a period of 
18 weeks, of driver-salesmen with application scores below 270 and 
with those of 270 and above. The consistent difference in average earn- 
ings between the two groups is evident. 

The forecasting efficiency of this application score is far from per- 
fect. However, figures are available to show the superiority of this 
method over traditional standards employed in hiring driver-salesmen. 
Following a change in management of the Yellow Cab Company the 
application score was discarded and the following traditional criteria 
in employment were substituted: 

Age — 23 to 35 years 

Weight — Minimum of 126 pounds 

Height — 66 inches.*® 

Table 18 shows the percentage of best, average, and poorest earners 
rejected by these traditional standards in comparison with those re- 
jected by the apfJication score. The superiority of the latter is evident. 

Application Scores on Other Occupations 

Although the application score method has been extensively used in 
predicting sales proficiency, there is no reason for suspecting that its 
value is limited to this type of work. The author has found an applica- 
tion score weighting age, marital status, number of children, number 
of dependents, nationality, and height useful in predicting the stability 
of electrical substation operators. In a recent study Ford has found 

These are the traditional standards of the transportation industry — used particularly 
In hiring motormen. The new management applied this standard Indiscriminately to motor- 
men and cab drivers. 

A. Ford, “The Influence of Marital Status on Labor Turnover,” Papers oj Michigan 
Ac4id, of Sciences, 10 (1929), pp. 381-388, 
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that the ages 20 to 24 are the worst possible ones for voluntary turn- 
over among substation operators. Above these years there is a steady 

AVERAGE WEEKLY EARNiNJQS FIRST EIGHTEEN WEEKS 
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Figure 20. 

(From an unpublished study by the Author) 

uuu’ease in stability with an optimal period between the years 30 to 34 
(at time of employment). In addition, turnover percentage is greater 
iot single men by a nearly constant amount for ^ lengths of service. 
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Over one-half of all single men leave the service prior to the end of the 
2-year training period, while only one-third of the married men drop out 
in the same period. It requires 7 years of service to produce as much 
turnover among married men as would be present in 2 years among 
single men. In general, although age is important, marital status is about 
one and one-half times as important in predicting labor turnover among 
electric substation operators. 

Bridgman’s study ** of college graduates in the Bell system shows 

TABLE 18 

1925 Earners 

TOTAL REJECTIONS TOTAL REJECTIONS 

EARNERS TRADITIONAL STANDARDS APPLICATION SCORE OF 270 



NO. 

PER CENT 

NO. 

PER CENT 

45 Best 

20 

44 

10 

22 

94 Average 

36 

38 

16 

18 

45 Poorest 

16 

36 

27 

60 

Total 

72 

39.1 

53 

29 


that good scholarship, campus achievement, and early graduation, in 
that order, are significant indices of success. Other factors are un- 
doubtedly important, but the weighting ol such information obtained 
either directly from the college or on application blank may prove to 
be a useful method in predicting the success in business of college 
graduates. 

The Letter of Application 

Although less frequently employed in selection and, therefore, less 
important, studies by Walton,®** and by Poffenberger and Vartanian,®^ 
have shown that general impressions formed by reading letters of ap- 
plication contribute nothing to the accuracy of selection. It seems 
probable that the procedure of requesting information that is definitely 
pertinent to the job, and the weighting of such information, may im- 
prove the forecasting efficiency of the letter of application as it has 
that of the application blank. 

in — ^ESTIMATION OF FITNESS FROM PHOTOGRAPHS 

/ 

The photograph plays an exceedingly minor role in selection for a 
very large majority of industrial occupations. In the case of technical, 

*2 D. S. Bridgman, “Success in College and Business,” Pers. J., 9 (1930), pp. 1-19. 

H. L. Hollingworth, op. cii.j pp. 69-80. 

®*A. T. Poffenberger and V. H. Vartanian, “The Letter of Application in Vocational 
Selection,” 3. App. Psych,, 6 (1922), pp. 74-80. 
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semi-professional and professional jobs it is often still requested. Al- 
though obtained primarily as a basis for judging appearance, it is also 
used to estimate “intelligence,” “honesty,” “neatness,” and other per- 
sonal qualities. Such judgments are generally impressionistic, but oc- 
casionally they involve an application, by the employment manager, 
of one of the systems of character an^ysis discussed below. 

Among investigations on the validity of character judgments from 
photographs is a study by Anderson,*® who required 12 graduate 
students and instructors in psychology to inspect the photographs of 
69 executives and sub-executives of a department store and to grade 
them in “order-of-merit” in general intelligence. The ratings correlated 
0.27 ± 0.07 with scores on a general intelligence examination. 

McCabe ** has recently duplicated an earlier study by Cogan in 
which estimates on “sociability,” “likeability,” “neatness,” “conceit,” 
“humor,” “intelligence,” “refinement,” “beauty,” “snobbishness,” “vul- 
garity,” based on photographs, were compared with judgments on 
these traits by close acquaintances. Photographs were taken by the 
same photographer, all in the same pose and in the same costume. 
The study included 40 subjects rated by 20 sorority sisters and by 20 
strangers. Judgments by both close acquaintances and strangers were 
found to be reliable. Only in the case of “beauty” was there significant 
correlation between ratings of associates and strangers (-1-0.61). For 
intelligence the correlation was (-f- 0.40).®^ The remainder, with the 
exception of one, were below 0.30. The results, as Hull sadly remarks, 
“certainly look very bad for the judgment of character on the basis of 
photographs.” 

Judgments of Photographs by Personnel Workers 

For those who still believe in the validity of such judgments, results 
obtained in an experiment by the author, assisted by K. R. Smith, will 
be even more disappointing. The objectives of this study were: (1) to 
investigate the accuracy of judgments on vocational aptitude and suc- 
cess or failure made by experienced personnel workers from an exam- 
ination of photographs, (2) to determine the degree of certainty with 
which such judgments are made, (3) to analyze the specific physical 
and other signs employed when making such judgments, (4) to com- 
pare the judgments and degree of certainty of experienced personnel 
workers with those of observers inexperienced in the selection and 
management of workers. 

8® L. D. Anderson, “Character Judgments from Photographs,” /. App. Psych., 4 (1921), 
pp. 1S2-1SS. 

80 F. E. McCabe, The Relation Between Character Traits and Judgments, Based gn 
Photographs, (cited in C. L. Hull, Aptitude Testing, Yonkers, N. Y., 1928, pp. 114-119). 

87 It is interesting to note that the correlations of academic grade with ratings in intelli- 
gence by acquaintances was -f 0.74. This undoubtedly reflects knowledge of the actual grades 
made by their friends. In the case of strangers correlation with academic grade was only 
+ 0 . 11 . 

•8 C. L. HuU, op. cit., p. 119. 
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The procedure employed in this investigation followed that used by 
Landis and Phelps in a study published in 1928. The only important 
difference is in tiie choice of subjects. The subjects of fte experiment 
by Landis and Phelps were college students. In the present study judg- 
ments were made by 24 members of a personnel association of a large 
Eastern city. The majority of these were employment managers or in- 
terviewers in industrial plants. A few were employed in placement work 
in public and private employment agencies. Practically all have had 
occasion to use photographs in making judgment on personality in 
connection with employment or placement. Nearly every member of 
the group was acquainted with one or another physiognomic system 
of character analysis. Approximately 10 of this group of personnel 
workers had received formal training in physiognomic systems of char- 
acter analysis, and 3 or 4 made strict application of such systems in 
their daily work. 

The material employed in the experiment, obtained through the 
courtesy of Dr. Carney Landis, consisted of photographs of S success- 
ful and 5 unsuccess jul men in the fields of law, medicine, education, 
and engineering, making a total of 20 successful and 20 unsuccessful 
men. Landis and Phelps describe as follows the method and criteria 
employed in the selection of the photographs. 

“An alumni publication of a large American university was secured. This 
publication was issued on the 25 th anniversary of the graduation of a class 
of 850 men and it contained an autobiographical sketch of each man together 
with his photograph at the time of graduation and at his 25th anniversary of 
graduation. For the purposes of this study, all autobiographies of men who had 
gone into law, medicine, education and engineering were read and assigned a 
rating from 1 to 10 on the basis of their apparent worldly success. For instance, 
a lawyer who had risen to be one of the chief attorne)rs for the Standard Oil 
Company was judged relatively successful, while one who was acting as clerk in 
a large law office was relatively unsuccessful. A man who had taught for 25 
years in the common schools was judged relatively unsuccessful, while one who 
had risen to the superintendency of schools in a large city was judged relatively 
successful. In this study it must be borne in mind that success or non-success 
relates only to the vocation and is always a relative term — ^relative to the per- 
formance of other members of his own college class.” 

Landis and Phelps point out the advantage of this method of select- 
ing photographs for use in an experimental investigation of predicting 
success or failure from photographs. The selection was made not on 
the grounds of the appearance of success or failure, but on thp basis 
of an autobiography which gives a clear picture of how successful 
each individual has been in the period of 25 years subsequent to gradua- 
tion from college. In this respect, as Landis and Phelps point out, the 
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investigation differs from earlier studies, such as those of Gaskill, Fen- 
ton, and Porter and of Pintner,'“ Anderson, and others, in which 
photographs were not selected on the basis of complete factual evi- 
dence with respect to the “strength” of the trait under consideration. 

In addition to the photograph taken upon the occasion of the 25th 
anniversary of graduation from the university, use was made of a 
photograph of each of the 20 “successful” and 20 “unsuccessful” men 
taken shortly before graduation from college. This made it possible 
to study the prediction of success from the examination of photographs 
of younger men as well as the judgment of success made on the basis 
of an examination of the photographs of mature men. 

The photographs were divided into two groups — one of younger men, 
and one of older men. The 40 photographs of each group — 20 of suc- 
cessful and 20 of unsuccessful men — were scattered in random order 
with respect to success and with respect to actual vocation. The photo- 
graphs were projected one at a time upon a screen. Those of “success- 
ful” and “unsuccessful” men, taken at the time they were college 
seniors, were presented first, and immediately afterwards the 40 photo- 
graphs of the older men were shown. Subjects were told that the photo- 
graphs of the “younger” men were taken when they were seniors at 
college some 25 years ago and that those of the older men were taken 
recently. They were not informed that the two groups of pictures were 
of the same men. The subjects were told that certain pictures were of 
men who are (or will be) very successful in their chosen occupations, 
and that others were of men who are (or will be) relatively unsuccess- 
ful. No cue was given to the nature of the occupation involved. 

Each subject was given two blanks and instructed to record for each 
picture, in the case of the “older” group (1) whether the man was rela- 
tively successful (S) or relatively unsuccessful (F) in his chosen work; 
(2 ) the per cent certainty of this judgment; (3) the occupation in which 
the man was employed; (4) the basis of judgment, e. g., shape of 
face, appearance of eyes, facial expression, height of forehead, etc., 
identified by a code number from a mimeographed list supplied to the 
rater. For the photographs of the younger group, i. e., photographs 
taken at the time of graduation, subjects were instructed to record 
similar judgments in the form of predictions. 

Figure 21 shows the percentage of Correct judgments of “success” 
and “failure” of personnel workers in comparison with those of 90 
college students who contributed judgments in the original experiment 

‘®P. C. Gaskill, N. Fenton and J. P. Porter, “Judging the Intelligence of Boys from 
Photographs,” J. App. Psych., 11 (1927), pp. 394-403. 

R. Pintner, “Intelligence as Estimated from Photographs," Psych. Rev., 25 (1918), 
pp. 266-296. 

L. D. Anderson, op. cit. 

** Each subject was supplied with a list of 70 occupations, identified by a code number, 
classified into 7 groups: law, business, education, intellectual other than teaching, engineer- 
ing, agriculture, medicine. 
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by Landis and Phelps. In the case of both groups the accuracy of judg- 
ment is no better than chance. Both groups would have done as well 
tossing coins, recording an “S” for every head, and an “F” for every 
tail, as they did by deliberately attempting to “read the photographs.” 
An analysis of the complete data, not presented in this volume, shows 

Percentaoe of Correct Judoment* 

ON "Success* ano "Failure" 



that whereas college students divided their judgments evenly between 
success and failure, personnel workers tended to make approximately 
75 per cent “S” judgments in the case of both the successful and failure 
groups. In other words, personnel workers are more optimistic con- 
cerning the success of their fellow-men than are college students. 

The per cent certainty of judgments of the two groups of subjects 
is shown in Figure 22. It is evident that although personnel workers 
are just as inaccurate in their judgments as college students, they tend 
to be approximately one and a half times as certain in the feeling that 
they are right. 

Neither group exhibited any degree of accuracy in selecting the oc- 
cupations of the men whose photographs were shown. Personnel work- 
ers relied upon “general impression” and “facial expression” in the 
case of 61 per cent of their judgments of “older” men, and in the case 
of 44 per cent of their predictions regarding the “younger” men. It 
is significant to note that in few instances were the specific criteria of 
the character analysis systems employed in arriving at a decision of 
success and failure. 

In summarizing the results of their experiment, Landis and Phelps 
point out that their study “lends absolutely no evidence toward the 
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confirmation of the claims of the physiognomists. It offers no evidence 
which would indicate that the inclusion of a photograph in a letter of 
application or on a personnel sheet is of any positive value.” This 
earlier experiment was open to the criticism that its subjects were 
callow, untrained college under-graduates whose experience in judging 
men was too restricted to permit an adequate judgment, regardless of 
the criterion employed. The present experiment shows that persoimel 

^ CERTAmTY OP Judgment of 
Success* And *^ailure* Judgments 



Figuhe 22. 

{After Viteles and Smith) 

workers, in spite of their experience in handling men, can use the 
photograph to no better advantage than can college students. 

IV — CHARACTER ANALYSIS SYSTEMS 

The oldest systems for imalyzing the personal characteristics of the 
individual and guiding him into the right kind of work are based on 
an examination of physical characteristics. The majority of these as- 
sume that there is a close relation bet.ween the anatomy of the indi- 
vidual and his mental characteristics, and that the character of this 
relationship may be discovered by a casual examination. 

Such systems extend back into the ages. Greek authors prior to 
Aristotle explained differences in temperament on the basis of varia- 
tions in the compounds of the 4 elements — earth, air, fire, and 
water — ^which were claimed to be the essential constituents of the 
human body.^^ Hippocrates (460-370 b. c.) denied this explanation 
and suggested instead that humanity could be easily fitted into 4 

** G. V. Cleeton, ''Estimating Human Character,” Set. ito., 23 (1926), pp. 427-431. 
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types; namely, the sanguine, the choleric (bilious), the melancholic, 
and the phlegmatic, depending upon the relative fluid content of the 
4 bodily humors — blood, yellow bile, mucus, and black bile. Inas- 
much as the dominance of each gives a characteristic tone to the skin, 
temperament can be judged by an examination of the individual’s ap- 
pearance. Modified later by Gden, this grouping has become classic and 
furnishes the basis for modern classifications of character. 

The Rise of Phrenology 

The first attempt at the development of a commercial system of 
character analysis was made by the phrenologists. Although in 1787 
Lavater, a Swiss naturalist, wrote an elaborate dissertation on the 
topic, the system gained prominence through the work of Franz Joseph 
Gall, who in about 1800 began giving public lectures on his system 
of crainoscopy or phrenology. The assumptions of this system are: 
( 1 ) Each section of the brain is the seat of a particular mental “power” 
or “faculty,” such as philoprogenitiveness (love of children), cautious- 
ness, secretiveness, benevolence, amativeness, etc.; (2) The degree 
of prominence of any faculty or personality characteristic depends 
upon the development of that section of the brain in which it is located; 
(3) The degree of development of any area can be determined by 
passing the hand over the skull, since protuberances will be found, over 
well developed areas of the brain; (4) By comparing the location of 
these “high spots” with standard charts, a complete analysis of indi- 
vidual personality can be made. 

This system of character analysis gained wide-spread popularity 
during the middle of the nineteenth century. It made a real contribu- 
tion in stimulating the scientific study of brain function, which has 
clearly demonstrated that there is no localization of “faculties” in 
the brain. As a matter of fact, the very “mental faculties” on which 
the system is based have been discarded as psychological artifacts. 
In spite of this, phrenology still flourishes somewhat in a few quarters 
and the phrenologist with his trappings of charts and crainoscopic in- 
struments does a thriving trade. 

Modern Character Analysis Systems 

In general, phrenology has largely been replaced by newer systems 
in part derived from it and in part from still older anatomical beliefs.*” 
In these modern systems little emphasis is placed upon the surface of 
the skull. The major stress is laid upon physiognomy — that, is, the 
shape of the face, the size and form of chin, nose, etc. Attention is 
also centered upon color and texture of hair, texture of skin, shape of 
hand, length of fingers, and so on. In one of the most widely known 
of these systems an abundance of energy — ^mental and physical — is 

K. Dunlap, “The Reading of Character from External Signs,” Set. Mo., 1$ (1923), pp. 
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said to be the most outstanding characteristic of the individual with a 
pure convex profile (of face). “Superabundance of energy makes the 
extreme convex keen, alert, quick, eager, aggressive, impatient, positive, 
and penetrating. The tendencies indicated by his convex mouth will cause 
him to speak frankly and at times even sharply and fiercely without 
much regard for tact or diplomacy. . . . The pure concave, as might 
be expected, is the exact opposite, so far as the indications of form are 
concerned, of the pure convex. The keynote of his character is mild- 
ness. ... He is slow of thought, slow of action, patient in disposi- 
tion, plodding. . . . The convex is also, in the majority of cases, a 
blond. The combination of hopeful, optimistic, restless, organizing, 
creating, domineering characteristics of the blond with the quick, alert, 
practical, aggressive qualities of the convex make this type distinctly 
the type of action.” 

In the same system the blond is described as possessing positive, 
dynamic, driving, aggressive, domineering, impatient, active, quick, 
hopeful, speculative, changeable, and variety loving characteristics; 
whereas the normal brunette is characterized by negative, static, con- 
servative, imitative, submissive, cautious, painstaking, patient, plod- 
ding, slow, deliberative, thoughtful, specializing traits. Moreover, deli- 
cate skin and a fine texture of hair reveal a refinement not possessed 
by the individual with coarse hair and rough skin. 

In another system conscientiousness is indicated by a broad, bony 
chin; benevolence by a full, rounded, moist under lip; synthetic ability 
by the roundness and prominence of the tip of the nose; judgment by 
a broad large nose; mathematical ability by the squareness of the face 
bones, width between the eyes, and by an upward curve of the outer 
part of the eyebrow. In this system certain of these signs may be 
modified by others. For this reason, the degree of development of a 
characteristic is read not from a single anatomical sign but from a sort 
of physiognomic pattern. So, for example, the physiognomic pattern 
that indicates well-developed color-sense is decided by color of the 
complexion, eyes, eyebrows and hair, clearness of skin, and veins show- 
ing through. 

The exponents of such systems have been quite successful in the 
United States. They have been employed by industrial executives to 
prepare “character readings” of minor executives and of other em- 
ployees. Many employment managers have attended or subscribed to 
instruction courses on such character analysis systems, and a few of 
them are still applying these methods in their daily work of fitting 
men to jobs. The number is not large. In a survey made in 1922 by 
Kornhauser and Jackson,*'' questionnaires were sent to 100 employment 
managers and to 100 insurance agency managers asking their practice 

K. Blackford and A. Newcomb, The Job, the Man, the Boss, New York, 1914, p. 1S4. 

W. Kornhauser and A. W. Jackson, “A Note on the Extent to Which Character 
Analysis Systems ase Used in the Business World,” J. App. Psych., 6 (1922), p. 302. 
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in using character analysis systems. Of 65 replies, 6 admitted using such 
a system. The number is small, but there is reason for regret that even 
this number should be willing to make employment and promotion de- 
pend upon a scheme that experimental analysis shows to without any 
validity. 

Experimental Studies of Character Analysis Systems 

When submitted to examination under experimental conditions none 
of the character analysis systems has withstood the test. The methods 
and results of experimental studies of such character analysis systems 
are illustrated in an investigation by Paterson and Ludgate.*® They 
listed in random order on a rating sheet the 26 characteristics ascribed 
to blonds and brunettes by Blackford. Ninety-four college students 
were asked to select from among all the people they knew very well 
2 pronounced blonds and 2 pronounced brunettes and to rate them 
with respect to these characteristics. A plus sign was placed after the 
name of each to indicate that he possessed the characteristic mentioned 
and a minus sign to indicate that this characteristic was not possessed. 
On the average 63 per cent of the blonds and 61 per cent of the 
brunettes are rated as possessing the so-called blond traits; 40 per 
cent of the blonds and 42 per cent of the brunettes are rated as having 
the brunette traits. It is evident that there are no differences between 
the blonds and brunettes in the percentage rated plus on blond traits, 
and between the blonds and brunettes on the percentage rated plus 
on brunette traits. The figures stand in clear contradiction to the claims 
made by the character analysis system under investigation. 

Further evidence of the same kind has been furnished by Kenagy,*® 
who asked each of 38 sales executives to rate the 4 best producing 
salesmen on the same 26 traits. Of the 152 best salesmen 82 were 
brunettes and only 70 were blonds. Blond and brunette traits were not 
distributed among these in accord with the proportion claimed by 
Blackford. “In only three cases do the blonds exceed the brunettes by 
as much as 5 per cent in the possession of blond traits. In three cases 
the brunettes actually exceed the blonds. Again, while the brunettes 
exceed the blonds 5 per cent or more only three times in the posses- 
sion of brunette traits — the blonds actually exceed the brunettes by 
7 per cent or more in three such traits — ^painstaking, patient, and spe- 
cializing. The evidence of these figures is unmistakable. It is obvious 
that these so-called blond and brunette traits do not differentiate 
between human beings who are commonly classified as blonds and 
brunettes. Any system of selection or character analysis based on these 
traits is therefore impractical and unsound.” 

** D. G. Paterson and K. Ludgate, “Blond and Brunette Traits,” /. Pers. Res., 1 (1922), 
pp. 122-127. 

G. Kenagy, “Do Blonds Make the Best Salesmen?” Sales Mgt., S (1923), pp. 

S23-26. 
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Other claims put forward by character analysis systems have been 
experimentally investigated by Cleeton and Knight,®” employing as 
subjects 28 college students chosen in about equal numbers from one 

TABLE 19 

Correlation Between Ratings of Character Factors and Physiognomic 
Measurements Alleged to be Symptomatic of these Factors 


RATINGS OF CLOSE RATINGS OF CASUAL RATINGS OF CLOSE 
TRAITS ASSOCIATES AND OBSERVERS AND ASSOCIATES AND 

PHYSICAL MEASURES PHYSICAL MEASURES THOSE OF CASUAL 

OBSERVERS 

Judgment — .01 .14 .32 

Intelligence .03 .05 ,02 

Frankness .05 .15 .21 

Friendliness — .11 .19 .18 

Wm-power —.07 .04 .26 

Leadership — .04 .07 .31 

Originality .09 .08 J2 

Impulsiveness .10 — .07 JO 


(After Cleeton and Knight) 

national fraternity and two sororities. Eight character traits: sound 
judgment, intellectual capacity, frankness, will-power, ability to make 
friends, leadership, originality, and impulsiveness, were treated in this 
investigation. Physical characteristics commonly supposed to be diag- 
nostic of each trait were assembled and submitted to accurate measure- 
ment with calipers, tapes, head squares, and other especially designed 
instruments. In the case of judgment 28 distinct measures were made; 
29 for intelligence; 13 for ability to make friends, etc. Ratings by close 
associates on these character traits were obtained for each member of 
the three fraternities by asking all other members of the fraternity to 
supply a rate on each trait. In addition, 70 judges accustomed to 
handling men were requested to prepare ratings on the same traits by 
observing the subjects as they sat on the platform of an auditorium. 
Both the ratings of close associates and those of the casual observers 
were found to be highly reliable. The results obtained by correlating 
the physical measures with ratings of Close associates and of strangers 
are shown in Table 19. Almost half of the correlations are negative and 
the highest correlation is .32, or approximately S per cent better than 
chance. Moreover, no agreement was found among physical factors 
presumably measuring the same traits. The average correlation of 201 
factors studied in this way is zero. 

Hull ®^ has recently reported an investigation by one of his students, 

*** G. U. Cleeton and F. B. Knight, “Validity of Character Judgments Based on External 
Criterion," J. App. Psych., 8 (1924), pp. 21S-231. 

•1 C. L. HuU, op. cit., pp. 127-130. 
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Evans, designed to determine the character significance of the profile. 
Twenty-five members of the same university sorority rated each other 
on optimism, activity, ambition, will-power, domination, popularity, 
blondness. The reliability of all of these ratings with the exception of 
popularity, was above .80. Accurate measures were made of the profile 
by means of special device giving an accurate index of facial convexity. 
The results obtained are shown in Table 20. 

If the claims suggested by the quotation on page 192 are sound, a 
high correlation between physiognomic traits and the first five of the 
character traits would result. The table shows no such correlation. Con- 
vexity seems unrelated to various character traits with the exception 
of convexity of the lower face (chin to eyebrows, without nose) which 
seems to give a consistent series of fairly high positive correlations 

TABLE 20 

Showing the Correlation Between Various Physiognomic Traits and a 
Number of Character Traits {Based on Evans’s data) 


PHYSIOGNOMIC CHARACTER TRAITS 

OPTI- ACTIV- AMBI- WILL- DOMINA- POPU- BLOND- 
MISM ITY TION POWER TION LARITY NESS 


Convexity, whole face 
with nose + .10 — .05 

Convexity, chin to 
eyebrow, with nose -j- .13 + -01 

Convexity, whole face 
without nose . . .02 — .24 

Convexity, chin to 
eyebrow, without 

nose + .37 + .39 

Convexity of upper 

face, with nose — .06 — .08 

Height of forehead 
from eyebrow to 

hairline — .17 — .29 

Blondness — .26 — .02 


- .17 

— .13 

- .11 

- .03 

— .20 

— .13 

+ .13 

- .08 

— .11 

+ .03 

-.17 

— .11 

— .13 

- .27 

— .04 

+ .33 

+ .34 

-f .24 

+ .17 

+ .03 

+ .04 

+ .06 

+ .08 

— .17 

— .02 

— .23 
-f .05 

— .39 
+ .28 

- .22 
-f .14 

- .10 
+ .03 

— .21 


(After Hull) 

with all the character traits. If the coefficients are reliable, low fore- 
head may tend to indicate optimism, will, etc. However, the small num- 
ber of cases and the high values of the probable errors make any con- 
clusion to this effect unwarranted. 

An analysis of these various investigations reveals a constant failure 
to confirm the claims made by character analysts. It may be, as Dun- 
lap has suggested, that certain individuals engaged in character analysis 
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have a talent for diagnosing through an observation of details of 
behavior not subjected to analysis. It would be interesting if these 
experts would submit to experimental study as a means of determining 
their capacity in this direction. Unfortunately, attempts to gain co- 
operation generally fail. The author, for example, recalls an attempt 
of this kind which he made in co-operation with Professor Thurstone 
some years ago, and which resulted in a diplomatic and very final re- 
fusal on the part of the leading exponent of a character analysis system 
to under-go such examination. Ford has recently had an opportunity 
to test such a system with the co-operation of its exponents. He was 
asked by the promoters of “Vitosophy,” a new system, to make an im- 
partial test of its validity. The signs used in the system included meas- 
urement of skull dimensions and curvatures, blondness or brunette- 
ness of the subject, heat of breath on the back of the examiner’s hand, 
the formation of the teeth and the character of the mouth. Only 20 
cases could be examined by the proponents of the system because of 
the large amount of work involved, and the number was dropped to 
18 because of technical difficulties. All subjects were garbed in plain 
gray and did not speak, thereby eliminating clues which might have 
otherwise been obtained. The analysts graded each subject on mathe- 
matics, written speech, general science, general intelligence, mechanical 
ability, general scholarship, and musical ability. Mathematics, written 
speech, general science, and scholarship were checked by college grades; 
general intelligence by Army Alpha scores; and mechanical and musical 
abilities by self ratings. A lottery box for random drawing was used 
to show how the ratings of the analysts compared with those made by 
chance. The correlations obtained by “Vitosophic” readings and by 
lottery were much alike, ranging from — O.SS to + 0.32 for the read- 
ings, from — 0.38 to + 0.24 for the lottery, and averaging — 0.08 and 
— 0.01 respectively. According to the assumptions of “Vitosophy” 
all correlations with trait gradings should have been positive. Actually 
4 of 7 were negative — ^approximately the number one would expect 
on the basis of chance. It is safe to say, as Ford indicates, that the use 
of “Vitosophy” in predicting success in the imiversity is worthless — 
and there is reason to believe that the system would be no better used 
for industrial purposes. 

The present status of physiognomic systems of character analysis 
has been well summarized by Symonds who has pointed out the “brazen- 
ness and shamelessness with which the charlatans, and there are many 
of them, push forward their claims. They usually have something to 
sell, and they make their living by selling it. Their assertions are dressed 
up in the most attractive way. They play upon the common foibles 
and weaknesses of mankind, who live in hopes and who are seeking 
praise and encouragement.” ®* 

A. Ford, “A Check on Character Analy^,” Pers. J., 9 (1930), pp. 121-123. 

** P. M. Symonds, Diagnosing Personality and Conduct, New York, 1932, p. 530. 
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CHARACTER ANALYSIS BY HANDWRITING 

A number of the systems of character analysis depend on psycho- 
physiological rather than upon physiognomic signs. Among these there 
is, particularly among Europeans, a renewed emphasis upon hand- 
writing as a possible clue to the personality traits of an individual. 
Roback’s description of graphology as one of the most promising of 
the psycho-diagnostic systems is an indication of the place accorded 
to this diamostic method by a number of investigators.®* 

Among the most elaborate systems of graphology are those devised 
by Klages and Saudek.®* The latter particularly has submitted to 
painstaking analysis the detailed characteristics of penmanship and 
formulated definite rules for the interpretation of handwriting in terms 
of character qualities. 

Among industrial investigation in this field is a study by Eugelgen 
who finds that ratings on qualities of 48 printing apprentices based on 
an examination of handwriting coincide with tests of mental ability 
and intelligence in 66 per cent of the cases, and nearly coincide in 21 
per cent of the cases. Hall concludes that handwriting furnishes a 
suitable criterion for predicting success in commercial occupations 
from a study involving the rating, by 34 judges, of the competency of 
19 students in a commercial school, and a correlation of ratings by 
graphologists with ratings of achievement. Klages has submitted the 
handwriting of individuals in diverse occupations to 12 graphologists 
in 4 countries and finds a high degree of coincidence among the judg- 
ments expressed by these independent observers. 

Couve,"" on the other hand, finds reason for denying the validity 
of handwriting in predicting fitness for work on the basis of a study 
involving the measurement of vocational aptitude for the occupations 
of ticket agent and locomotive engineer. Observers untrained in graph- 
ology were found to exhibit as high a degree of accuracy in predicting 
success from handwriting as the exponents of graphologic^ systems 
of character analysis. Schorn has tested the validity of graphological 
techniques by asking S graphologists to express independent judgments 
on one subject. A detailed analysis by this investigator shows a marked 
disagreement among the graphologists and an ubiquity of empty phrases 
and statements of very general application. 

A. Roback, Personality, Cambridge, 1931, pp. 54-64. 

L. Klages, Handschrift und Charakter (Rev. Ed.), Leipzig, 1929, pp. 258; The Science 
of Character, London, 1929, pp. 308; Graphotogisches Lesebuch, Leipzig, 1930, pp. 291. 

®®R. Saudek, Experiments with Handwriting, New York, 1929, pp. 389. 

G. V. Kiigelgen, “Graphologie und Berufseignung,” Ind. Psychot,, 5 (1928), pp. 311 ff. 

M. Hall, “Die Schriftbeurtcilung als Methode der Berufsauslese,” Psychot. Z., 1 (1927), 
pp. 15^33; 83-92. 

®®L. Klages, Graphotogisches Lesebuch, Leipzig, 1930, pp. 291. 

*0 R. Couv6, “Graphologische Berufseignungsuntersuch ungen,” Ind. Psychot., 3 (1926), 
pp. 114-117. 

M. Schorn, “Untersuchungen zur Kritik der graphologischen Gutachten,” Ind. Psychot., 
4 (1927), pp. 359-368. 
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The negative evidence of Couv6 and Schorn generally agree with 
the findings of early studies by Binet,®^ and of a more recent careful 
laboratory investigation by Brown, working under the direction of 
Hull.®* In this the investigator duplicated procedures used in earlier 
studies by Hull and Montgomery.®^ From a survey of the literature 
there were selected 6 character traits concerning wWch there was fair 

TABLE 21 

Correlations Between Character and Handwriting 

SPEARMAN RANK- 
DIFFERENCE 
COEFFICIENTS 


Ambition with upward sloping lines — .20 

Pride with upward sloping lines — .07 

Bashfulness with fineness of line — .45 

Bashfulness with lateral narrowness of m’s and n’s + •'38 

Forcefulness with heavy lines throughout — .17 

Forcefulness with heavy bars on t^s — .06 

Forcefulness with heavy bars on t’s, corrected for size of 

writing + .27 

Perseverance with length of bars on t’s + -00 

Perseverance with length of bars on t^s, corrected for size of 

writing -1- .16 

Reserve with tendency to close a’s and o’s — .02 

(After Hull) 


agreement among graphologists and which were held to be associated 
with traits of handwriting susceptible to objective measurements. In 
the experiment by Hull and Montgomery 17 university students, be- 
longing to a medical fraternity, rated one another on each of these 
traits. Each also copied a piece of prose on the same kind of paper, on 
the same desk, and with the same pen. The samples of handwriting 
were then submitted to microscopic measurement and the measure- 
ments correlated with the joint judgment of the character traits of 
the men. Only two correlations were obtained above .30. The resulting 
coefficients are shown in Table 21. Four of the ten are negative. Two 
of the coefficients, + 0.38 and — 0.45, are large. In order to check these 
values empirically, 10 rank order coefficients were computed from 
chance drawings of 17 numbered blocks arranged in series comparable 
with the data in Table 21. A coefficient of + 0.47 and one of — 0.26 
was obtained in this way, the average of all being practically zero. In other 

A. Binet, Les Rivilations de I’Rcriture d'apris un Conirdle scieniifique, Paris, 1906, 
pp. 257. 

®»C. L. Hull, op. cit., pp. 147-152. 

C. L. Hull and R. B. Montgomery, “An Experimental Investigation of Certain Alleged 
Relations Between Character and Handwriting,*’ Psych. Rev., 26 (1919), pp. 63-75. 
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words, the coefficients shown in Table 2 1 represent nothing more than 
chance relations. The actual average of these coefficients is — 0.016 
which, as Sjmionds aptly remarks, “represents the amount of assurance 
that one should give to the claims of graphologists.” 

Brown’s experiment, involving 30 subjects and practically the same 
procedures used by Hull and Montgomery, leads to similar conclusions. 
The results (Table 22), as did those of Hull and Montgomery, show 

TABLE 22 

Showing Coefficients of Correlation Between Traits of Handwriting 
and Various Traits of Character {Computations based on data 
of Lois E, Brown) 


CHARACTER TRAIT 

HANDWRITING TRAIT 

CORRELATION 

COEFFICIENT 

(r) 

Bashfulness 

Width of down strokes 

+ .11 

Ambition 

Tendency to upward slope as line crosses 



page 

+ .23 

Persistence 

Width of down strokes 

— .05 

Persistence 

Disconnected writing — per cent of breaks 



of line within words 

— .03 

Personal neatness 

Neatness in appearance of writing 

+ .23 

Personal individuality 

Individuality in appearance of writing 

+ .15 


(After Hull) 


coefficients opposite in direction to those required for demonstrating 
the claims of the graphologists. 

The experimental studies of handwriting, under adequately con- 
trolled conditions, do not support Roback’s optimism with respect to 
this diagnostic device. In this field, as in others, many more investiga- 
tions, involving a greater number of subjects and new avenues of ap- 
proach are needed for a full exploitation of the possible resources of 
the technique in fitting workers to jobs. 


P. M. Symonds, op. cit., p. 257. 






XL STANDARDIZATION AND ADMINIS- 
TRATION OF PSYCHOLOGICAL TESTS 


The primary purpose of any selection procedure is to differentiate 
between those who do and those who do not possess the qualifications 
necessary for a particular kind of work. In addition to eliminating 
those who cannot meet the minimum requirements of the job, selection 
methods must be useful in grading those who possess the qualifications 
to varying degrees.^ The analysis of procedures ordinarily employed in 
selection has shown that in many cases they fail to accomplish these ob- 
jectives satisfactorily. Both experience and experiment have shown 
that the traditional techniques are subject to gross error, and that opin- 
ions based on them may be extremely misleading. The lesser suscepti- 
bility to error of the psychological test points to it as the logical tech- 
nique to be employed in the objective measurement of fitness for work. 

The principle of the psychological test is to use a sample of the in- 
dividual’s behavior, examined under standard conditions, to indicate 
his competency and other traits, and to predict his probable future be- 
havior in a particular job.® It is apparent that in order to be successful 
such a sampling of behavior must be carefully chosen. For purposes 
of broad comparison, we may think of a warehouse stored with such 
varied products as oil, coffee, cloth, vinegar, canned fruits, etc. No 
single sampling of goods could be used to measure the quality of these 
varied products, inasmuch as it would be foolish to attempt to de- 
termine the quality of the coffee from a small sampling of the oil, or to 
test the wearing qualities of the cloth by opening a can of tinned food 
and sampling its contents. The analogy is far fetched, but in testing 
the qualifications of an individual there is the similar problem of mak- 
ing sure that the behavior which is sampled is characteristic of that 
which is required in the particular job fo.r which he is being considered. 
It is quite possible, for example, to measure the time taken to run a 
hundred yards. This may give a clue to the time that the same individ- 
ual will require to run a mile, or perhaps even an indication of his rate 
of discharge in many other activities. On the other hand, the speed of 
running a hundred yards may be far from symptomatic of either his 
ability to hold up in a mile race or the speed with which he can do the 

1 L. J. O’Rourke, “Saving Dollars and Energy by Personnel Research,” J. Pers. Res., 4 
(1926), p. 3SS. 

* A. W. Kornhauser and F. A. Kingsbury, Psychological Tests in Business, Chicago, 1924, 
pp.3-4. 
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mile. Only by a direct comparison of performance under the two con- 
ditions is it possible to decide whether the one sampling of behavior is 
of any value in predicting another form. 

Stated in other, terms, this means that tests must be carefully se- 
lected so that they really tap the resources to be employed in the ac- 
tivities of the job. In addition, no test can be considered a scientific 
instrument unless it conforms to certain criteria of clarity, consistency, 
objectivity, and dependability which distinguish the completely stand- 
ardized test from the casual questionnaire of the magazine section of 
the Sunday newspaper. The questions which must be asked about a 
test in order to determine whether they satisfy these criteria have been 
well stated by Kornhauser and Kingsbury, who have prepared a list of 
typical questions that the psychologist asks, for example, about a test 
of the pencil and paper type before he undertakes to use it. 

*^Are the questions worded absolutely unambiguously? How do you know? 

Are they all of equal — or accurately graded — difficulty, so that one means as 
much, and should mean as much, in the score as any other? 

Is there a fixed time limit? Why? Or why not? Ij so, is it made and kept 
absolutely uniform whenever the test is given? 

Will a slow reader or a slow writer make a lower score than one who reads or 
writes rapidly? Ij so, is it a trade test or a reading-writing test? 

Will any subject be certain to get the same score, no matter who gives the 
test? How do you know? 

Will he be certain to get the same score, no matter who marks it? Is there any 
way in which a generous marker can score him higher than a hard marker could? 
Ij not, how has this personal element been eliminated? 

Has the test itselj been tested? 

Why is 90 set as the passing mark? Did you decide arbitrarily? Ij so, what 
proof of the correctness of this figure have you? Did you decide by taking the 
test yourself? Ij so, what evidence have you that your performance is the correct 
standard? Or did you try it on a group of workers? 

How many workers have you tested with it? Is this enough to constitute a 
reliable sample? 

How did you pick out these workers? At random, or did you select cases 
favorable for your purpose? 

Did the successful workers all score 90 or above? The poor workers 89 or 
below? If not, do you know how reliable it is in separating these groups? 

How did you determine which are **good^* and which **poor** workers? Was 
that a reliable method?'^ * 

Such questions can only be answered in the course of a careful stand- 
ardization of tests in accordance with principles of test development 
and validation developed as a result of extensive experimentation in 
this field. The administration of the test involves a similar considera- 
tion of many factors which influence the performance of the individual 
in tile test situation and which affect the value of results obtained. The 
steps to be taken in standardizing and administering tests will be briefly 

»/Wd.,p. 16. 
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discussed below. The length of this volume does not permit a detailed 
discussion of each step, although certain outstanding problems, sudi 
as those of types of tests to be employed, criteria, administrative 
procedures in testing, etc., will be considered at some length.* There 
will be no pretense of referring to the great variety of tests which have 
been employed for particular purposes. The occasional illustration 
represents a single example of hundreds and perhaps thousands that 
could be presented. 

The survey of steps to be taken in the standardization and admin- 
istration of tests for the selection of workers will be followed by a 
description in complete detail of one study carried through by the 
author in the development of tests for the selection of electrical sub- 
station operators. This study is described in its entirety as a point 
of reference for the research procedures in the development and use 
of psychological tests described in Chapters XI and XII. It also serves 
as an introduction for the less detailed description of experimental 
studies in particular fields included in Chapters XIII, XIV, and XV, 
none of which will be described in detail. 

The steps necessary for standardization will be described in the order 
in which they would be taken in an ideal situation. However, the 
sequence will necessarily vary from study to study, and in every in- 
vestigation there will be a certain amount of overlapping as various 
parts of the investigation are carried on simultaneously. 

( 1 ) JUSTIFICATION FOR THE DEVELOPMENT OF TESTS 

The first step in the organization of a research program for the de- 
velopment of selection tests is to determine the need for such research. 
This involves an analysis of selection procedures in use at the time 
the investigation is started in order to determine whether the predictive 
value of one or more of these can be improved. It requires an estimate 
of the cost of operation of the new method in relation to possible sav- 
ings in cost of turnover, spoiled work, accidents, cost of production, 
etc., and in relation to the gain in the way of improved adjustment of 
the individual worker. 

The justification of research procedure involves further an examina- 
tion of conditions to determine whether they are suitable for the ob- 
jective evaluation of psychological tests'. The investigator must make 


* The student interested in a detailed description of procedures in test development are 
referred to W. V. Bingham and M. Freyd» Procedures in Employment Psychology, New 
York, 1926, pp. 260, which is probably the most complete manual, in English, specifically 
devoted to the step-by-step procedure in the development of tests for purposes of voca- 
tional selection. A more recent volume by C. L. Hull, Aptitude Testing, Yonkers, N. Y., 1928, 
pp. 535, represents probably the most comprehensive treatment of fundamental problems 
and techniques in the construction, validation, and calibration of “aptitude” tests. The 
reader interested in a further discussion of these problems and of underlying statistic^ 
methods should refer to this volume by HuQ. 
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sure that there are enough employees doing the same work to make 
possible a reliable study, that adequate records are available to per- 
mit a comparison of test results with success on the job, etc. The gen- 
eral conditions of the plant require investigation as a means of decid- 
ing whether relationships between workers and management are such 
that there can be no distortion of results by an absence of co-operation 
on the part of any of those who must work together in the program 
of test development.® 


( 2 ) EXPLAINING THE PURPOSE OF THE STUDY 

The second and often neglected step in the research program is to 
explain the purpose and scope of the investigation to workers and to 
supervisory officials who may be called upon to co-operate in it. It 
can be assumed that the executives in the organization will be inter- 
ested and co-operative, inasmuch as they are responsible for the policy 
of initiating such a research project. There is no reason for assuming 
the same interest and co-operation on the part of others. There is 
always a danger, as Muscio has pointed out, of a misunderstanding 
of objectives, of a confusion between psychological tests and some of 
the bad practices prevalent in the early days of scientific management.® 
These dangers can only be avoided by awakening in workers and super- 
visory officers a true appreciation of the nature and purposes of the 
investigation. The following letter, sent by the Superintendent of Sub- 
stations to operators, foremen, and supervisors as a preliminary to the 
author’s investigation in the selection of electrical substation opera- 
tors,^ may serve as one example of a suitable introduction to a research 
program. 

“Apparatus for the job is selected with more and more care," wrote the Super- 
intendent of Substations,® “why not apply more and more care to the selection 
of human beings for a particular job? We plan to develop a program looking to 
this end. There are switchboard operators who are more reliable than others. We 
hope to make a study of the qualities or characteristics of both groups. From the 
results obtained it is hoped to fashion a yardstick with which to measure appli- 
cants. An interesting point is that while aU applicants will be measured, that is, 
tested, the results will not at first enter into the selection of men. As time goes 
on, performance records will be compared with the entrance tests with the ob- 


• W. V. Bingham and M. Freyd, op. eit., pp. 9-12. 

*B. Muscio, Lectures on Industrial Psychology, London, 1920 (2nd ed.), pp. 265-71. In 
this connection see critique of selection tests by F. H. Allport, “Psychology in Relation to 
Social and Political Problems,” in Psychology at Work (Edited by Achilles), New York, 
1932, pp. 247-52. 

' See Chapter XIII, pages 260-73. 

*E. 0. Macferran (deceased). Superintendent of Substations, Philadelphia Electric Com- 
pany. 
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ject of proving the value of the tests. Then, when, and if the worthiness of the 
tests is confirmed, they can be definitely adopted for entrance requirements. 
Let me repeat that the design, construction, arid installation of equipment have 
been higUy developed to a point where it might be fairly said that materials are 
more reliable than men. The opportunity is present for improving the human 
factor with a view of increasing the reliability of the product we sell to our cus- 
tomers, and we are proceeding to develop this idea by undertaking a study of 
switchboard job requirements, a study of operators and a study of future appli- 
cants for this work. I am sure that this investigation wiU engage the interest and 
attention of the entire Operating Department." 

( 3 ) JOB ANALYSIS 

Job analysis — or the detailed study of the duties and requirements 
of the job— represents the third step in the preparation of selection 
tests. “Although governed by fundamental principles, the factors to be 
measured and the practical measurement of these in test form present 
for each position an individual problem.” * The exact nature of these 
factors can only be determined by applying one or more of the job 
analysis methods described in Chapter IX. 

( 4 ) THE DEVELOPMENT OF CRITERIA OF VOCATIONAL SUCCESS 

The standardization of tests and the evaluation of other selection 
methods involve a comparison between test scores and the success 
of workers on the job. There is no justification for undertaking a re- 
search program unless there is available a satisfactory standard of ac- 
complishment on the job, technically known as a criterion of vocational 
success, with which test scores can be compared. As Bingham has 
pointed out, “many a study of methods of selecting people for jobs has 
led to ambiguous conclusions because of the inadequacy or unreliability 
of the criterion by which the metliods were judged. All too often a re- 
search has passed through the laborious and expensive phases of mak- 
ing the job analysis, constructing ingenious tests, and giving the tests 
to numerous employees, before the investigator discovered that no 
adequate and reliable measure of individual achievement on the job 
was to be had.” 


Objective Criteria 

Criteria of vocational success may be divided into two groups, objec- 
tive and subjective. Among the former, including factors which can be 
measured and expressed in objective terms, are such varied standards 
of accomplishment as: 


•L. J. O’Rourke, op. cit., p. 3S2. 

W. V. Bingham, “Measures of Occupational Success,” Harvard Bus. Rev., 5 (1926), pp. 
1 - 10 . 
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1. Quantity of output. 

2. polity of output. 

3. Amount of spoiled work. 

4. Number of accidents. 

5. Cost of accidents. 

6. Number of breakages. 

7. Length of service or stability 

on the job. 


8. Earnings on a commission 
basis. 

9. Earned bonus. 

10. Rate of advancement. 

11. Standard Trade Examina- 
tions. 

12. Number of operating mis- 
takes. 


The choice among these criteria depends upon the nature of the job 
and upon the aim of the research program. For example, from the 
management’s point of view a successful cab driver is one who main- 
tains a high level of gross income and net earnings, who avoids ac- 
cidents, reports for work regularly and punctually each day, and who 
represents the company favorably in his dealings with the riding pub- 
lic. In a research program involving such employees, the investigator 
may be interested solely in the reduction of accidents and for this 
reason will use only the number or cost of accidents, or both, as a 
standard of the worker’s accomplishment on the job.^^ On the other 
hand, the objective may be to predict the probable earnings of ap- 
plicants for employment. Under these conditions the investigator will 
disregard all other criteria and use earnings as the single measure of 
success on the job. In other instances, one criterion will be employed in 
determining the value of one measuring device and a second in evaluat- 
ing the usefulness of other techniques.^® In one study,^® the author has 
employed commissions earned by taxicab drivers as a criterion in de- 
termining the value of an application score; number of accidents in 
investigating the validity of a test similar to that used in the selection 
of motormen (described on pages 292-94) ; and drivers’ merit records in 
examining the suitability of a mental alertness test for cab drivers 
(illustrated on pages 227-28) used in measuring general adaptability 
to the job. 

The variety of possible objective criterion combinations is also illus- 
trated in the use by Link of average number of shells inspected per hour 
for one month in devising tests for shell inspectors.^ In the develop- 
ment of tests for mail distributors O’Rourke has combined (a) average 
number of pounds of first class mail distributed by each employee dur- 
ing a period of 6 months, together with the amount of time in minutes 
spent on this distribution; (b) the records in a monthly case examina- 
tion measuring the rate and accuracy With which each worker can dis- 
tribute into his distribution case; with^c) a subjective criterion in the 


A. J. Snow, “Tests for Chauffeurs,” Ind. Psych., 1 (1926), pp. 30-45. 

12 D. Wechsler, “Tests for Taxi Drivers,” /. Pers. Res., 5 (1926), pp. 24-30. 

12 An unpublished study of cab drivers employed by the Yellow Cab Company of Phila- 
delphia. 

14 See Chapter X, pages 182-85. 

12 H. C. Link. Employment Psychology, New York, 1919, p. 30 
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form of foreman’s ratings.'” Finished products made by boys in in- 
troductory shop courses, results of final work tests given in the same 
courses, and an information test have been used by the University of 
Minnesota group in an investigation on the measurement of mechanical 
ability.'^ 

The nature of other objective criteria that have been employed will 
appear in the discussion of individual studies in the chapters which 
follow. 


Rating Scales 

In addition to objective records of production or efficiency on the 
job, investigators have employed subjective estimates of achievement 
in evaluating selection methods. These are ordinarily expressed in the 
form of a rating scale, which represents an instrument for recording 
judgment on the possession or non-possession by a worker of the 
traits making for success on the job and on the extent to which he ex- 
presses these in his work. 

The most popular form of rating scale is the so-called graphic rating 
scale}^ This consists of a list of traits or activities to be rated and of 
various adjectives or descriptive phrases denoting the several grada- 
tions of a particular trait or activity. The descriptive phrases are set 
below a continuous horizontal line representing the range of the quality. 
The rater is instructed to indicate with a check mark the point on the 
line corresponding most nearly to the degree of the qualification found 
in the worker who is being rated. He is guided in this by the descriptive 
adjectives or phrases that define the various degrees of excellence in 
that quality. In evaluating the ratings a stencil or scale is prepared 
which divides the line into equal divisions, making it possible to convert 
each check mark into a numerical score. An example of such a graphic 
rating scale, used in following-up electrical substation employees, is 
shown on pages 207-09. In this case 10 divisions are used in translating 
the position of check marks into numerical scores. 

In some instances, the actual numerical score assigned to each di- 
vision of the line app>ears on the rating scale. In this case the rater is 
again guided by the descriptive terms, but he selects the score which is 
to be received on each particular trait by the individual who is being 
rated. 

There are a number of additional forms for rating frequently em- 
ployed in the industrial situation. Among these is the man-to-man com- 
parison scale, originally developed at the Carnegie Institute of Tech- 
nology for the selection of salesmen and later adopted for use in 

J. O’Rourke, op. cU., p. 358. 

D. C. Paterson, R. M. Elliott, L. D. Anderson, H. A. Toops, E. Heidbreder, Minnesota 
Mechanical Ability Tests, Minneapolis, 1930, pp. 199-201. 

“Memorandum: Employees’ Rating Scale,” Industrial Relations Section, Princeton 
University^ November, 1930. D. 2. 
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members of the substation force, of the men do 

i. e. in working smoothly with 
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rating officers in the United States Army during the World War.** In 
this ffie rater prepares a master scale by selecting for each trait the 
best and worst man in a group of men actually known to him. He then 
selects a man of average ability and, following this, 2 other men, one 
midway between the highest and the average man, and the other mid- 
way between the lowest and the average man. These 5 men serve as 
standards with which to compare all of the other members of the group 
to be rated with reference to the trait in question. Arbitrary numerical 
values may be assigned to the steps in the scale assigned to these 5 
men. This procedure necessarily involves the preparation of a separate 
master scale for each of the traits on which ratings are to be made. 
In practice this proves to be a cumbersome technique. Moreover, dif- 
ficulties in selecting men for the standard scale, the variations in such 
selection by different supervisors and others rating the same group, 
etc., have resulted in a gradual increasing disuse of this type of rating 
scale. 

Other types of rating scales which have been employed may be 
briefly described. 

1. Descriptive Scale. This form of rating scale is essentially the 
same as the graphic rating scale in the sense that descriptive adjectives 
and phrases are used to describe different grades of ability from one 
extreme to another. However, in this t 5 q)e of scale no attempt is made 
to translate the ratings into numerical terms. 

2. Order of Merit Scale. These require the rater to range the group 
in order of merit on each trait. 

3. Numerical Rating Scales. In such scales the rater judges each man 
in terms of a number or percentage in much the same way as school 
examination papers are ordinarily graded. A rating of 100 per cent or 
10, for example, assumes perfection on the trait being rated, whereas, 
10 per cent or 1 implies that the man does not possess the particular 
trait under consideration. In some cases, a line is put opposite the qual- 
ity to be rated and the rater has only to put a check mark at the proper 
point on the line as follows: 

0123456789 10 


JOB KNOWLEDGE 
LEADERSHIP 


At times a key is provided to define each value: — 

100 per cent or 10 means distinguished 
90 per cent or 9 excellent 
80 per cent or 8 good 
70-60 per cent or 7 and 6 fair 
50 per cent or 5 average 
40-30 per cent or 4 and 3 below average 
20-10 per cent or 2 and 1 poor. 

**M. Freyd, “An Appraisal of Relative Merits of Types of Rating Scales and Their 
Use,” Amer. Manag. Assoc., Convention Series No. 38, 1926, p. 4. 
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4. Alphabetical Rating Scale. This is essentially the same method as 
No. 3 (numerical), but letters, instead of numt^rs, are employed to 
distinguish degrees of excellence on the trait in question. So, for 
example, A or E may stand for excellent, B or G, good, C or F, fair, 
and D or P, poor. 

5. Check-List Rating Scale. This is perhaps the simplest type of 
rating scale, inasmuch as the rater is only required to give his judgment 
in the form of a “yes” or “no” answer to the question as to whether the 
man possesses the trait which is being rated. 

6. Linear Rating Scale. In such scales a straight line is drawn to 
the right of each trait to represent the range of ability — one end repre- 
senting the least amount and the other the greatest amount. On this 
type of scale the rater arbitrarily places a check along this line at a 
point corresponding to the subject’s standing on the trait. 

Although all these t)rpes of scales have been employed, the graphic 
rating scale, the man-to-man rating scale, and the descriptive rating 
scale are probably the ones most frequently employed by industrial 
investigators in obtaining estimates on accomplishments of workers 
on the job. Such scales are used not only as criteria in the development 
of selection tests, but are even more frequently employed in procuring 
periodic ratings of progress as aids in transferring emd promoting 
workers; as a basis for wage increases; in evaluating effects of train- 
ing; and in many other situations where it is necessary to obtain infor- 
mation concerning the adjustment of the man on his job. Regardless of 
where they are employed and, to some extent, regardless of the type 
used, rating scales are subject to certain errors which limit their use- 
fulness as criteria in the development of selection tests, and in other 
connections. These limitations will not be discussed in detail in this 
chapter.®* Among the chief difficulties in the use of rating scales are 
individual differences in rating tendencies, the existence of a lenient 
tendency in rating, the inclination to assign similar grades on all traits, 
supplemented, at times, by a tendency to rate particular traits either 
very high or very low, etc. Added to these are defects occurring 
frequently in the construction of the scales themselves, such as the 
use of vague, general descriptions of traits to be rated and of vague 
descriptive terms and phrases. Such deficiencies become more serious 

For a discussion of the possibilities and limitations of rating scales, and of experimental 
methods to be used in their evaluation see H. O. Rugg, '*Is the Rating of Character Pos- 
sible?” J. Ed. Psych., 12 (1921), pp. 425-38, 485-501; 13 (1922), pp. 30-42, 81-93; D. G. 
Paterson, “Methods of Rating Human Qualities,” Ann. Amer. Acad. Pol. Soc. Set., 110 
(1923), pp. 81-93; F. A. Kingsbury, “Analyzing Ratings and Training Raters,” J. Pets. Res., 
1 (1922-23), pp. 377-383; “Making Rating Scales Work,” J. Pers. Res., 4 (1925), pp. 1-6, 
A. W. Kornhauser, “What are Rating Scales Good For?” J. Pers. Res., 5 (1926), pp, 189- 
193; “Reliability of Average Ratings,” J. Pers Res., 5 (1926), pp. 309-317; “A Comparison 
of Raters,” J. Pers. Res., 5 (1927), pp. 338-344; N. Kneeland, “These Lenient Tendencies 
in Rating,” Pers. J., 7 (1929), pp. 356-366; A. Ford, “Neutralizing Inequalities in Rating,” 
Pers. J., 9 (1931), pp. 466-469; F. F. Bradshaw, “Revising Rating Techniques,” Pers. J., 10 
(1931), pp. 232-245. See also P. M. Symonds, Diagnosing Personality and Conduct, New 
York, 1932, Chapter III, pp. 41-121. 



212 


INDUSTRIAL PSYCHOLOGY 


when there is a failure to train those who employ rating scales as a 
means of making most advantageous use of them. The procedure to be 
followed in overcoming such difficulties has been well stated by Pater- 
son in the form of a series of guiding principles: 

“1. Records concerning supervisors* estimates oj subordinates should 
be accumulated and filed in advance of any emergency requiring such 
estimates as a basis of decision. 

2. Estimates should be based on qualities that are defined unambigu- 
ously in advance. 

3. Qualities to be rated should be defined in objective terms so far 
as possible and should be grouped according to the accuracy with which 
they can be judged. 

4. Each quality to be rated should refer to one type of activity car- 
ried on or to one type of result achieved by those to be rated. 

5. Ratings should be confined to past or present accomplishments. 

6. The list of qualities to be rated must be related directly to the 
type of work performed by those to be rated. 

7. The method of recording one’s ratings should be easily under- 
stood and easily complied with. 

8. Estimates should be expressed in a uniform manner by all raters. 

9. A statistical method of correcting for the tendency to rate “too 
high” or “too low” should be employed. 

10. Ratings should be accepted and filed for use only from those 
who have proved themselves capable oj accurately judging human 
qualities. 

11. Each executive should rate his subordinates on the first quality, 
then, rearranging the order at random, he should rate them on the 
second quality and so on for the remaining qualities. 

12. As many judges as possible should be employed in rating a given 
person and an average oj all the available ratings should be used as 
the index for that person.” 

Problems in the Selection oj Suitable Criteria 

The value and results of a research program in vocational selection 
will depend in no small measure upon the character of the criteria em- 
ployed. These — as well as the tests themselves — must be reliable and 
valid, that is, they must be consistent in their classification of the 
same employees at different times and they must give a true index of 
the proficiency and achievement of each worker on his job. In general, 
as Weber has pointed out, the type of criteria employed still represents 
a “dark chapter in the application of psychology in industry.” The 
unreliability of ratings and rankings are stressed by practically all 
who write on the subject, but in a large number of experiments reported 


G. Paterson, op, cit,, p. 82. 

** W. Weber, Die praktische Psycliologie im Wirtschaftsleben, Leipzig, 1027, p. 121. 
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in the literature these are the only criteria used.^’ This is true not only 
of office and professional jobs, where the formulation of objective stand- 
ards is possibly most difficult, but also in the case of non-office occupa- 
tions where records of production and similarly less subjective stand- 
ards may be more easily obtained. Accurate measurement of the type 
used by Patten in the case of lathe operation, and more recently in 
the Minnesota study are still rare enough to be outstanding. 

In many instances attention in the investigation is centered not upon 
the validity and reliability of the criteria, but upon the correlation of 
tests with criteria not submitted to analysis. However, it is also true that 
frequently the inadequacy of criteria is not at all a reflection upon the 
investigator, but upon the unsatisfactory character of records kept 
by industrial establishments.^® In other instances the complexity of 
conditions seriously handicaps the search for a reliable and valid 
criterion. The problems involved in such a search appear clearly in the 
obstacles that have been encountered in answering the “question of 
who is a good motorman.” 

An illustration from the experience of the author in a lock manu- 
facturing plant may serve to illustrate the influence of conditions not 
under the control of the investigator. In this plant very accurate pro- 
duction records over a long period of time were available for the as- 
semblers, punch press operators, and drill press operators who wete the 
subjects of the experiment. These seemed to be absolutely valid criteria 
until an examination revealed two distinct levels of production among 
girls employed in the plant. An examination of the data showed that 
these levels were along national lines, the average of Irish girls being 
decidedly above that of Polish girls. Conferences with executives of 
the company and a review of plant records showed that there was a 
consistent tendency for the one group to earn less than the other when 
employed on the same type of work on a wage incentive plan of pay- 
ment. A further analysis suggested that this difference in earnings re- 
flected no difference in the inherent competency of the two groups, but 
represented the influence of home conditions upon earnings. In general, 
Irish girls were in the habit of turning over to the parents a stated por- 
tion of their earnings each week as their contribution to household ex- 
penses. The remainder was spent by the girl for clothes, amusement, 
etc. Among the Polish girls, on the other hand, it was the custom to 
turn over the entire salary to the parents who gave back what they 

'-*8 M. S. Viteles, “Standards of Accomplishment: Criteria of Vocational Selection,” J, Pers, 
Res., 4 (1926), pp. 483-486. / 

** E. F. Patten, “An Experiment in Testing Engine Lathe Aptitude,” J. App. Psych., 7 
(1923), pp. 16-29. 

D. C. Paterson and others, op. cit., pp. 144-202. 

2® W. V. Bingham, “What Industrial Psychology Asks of Management,” BvU. Taylor Soc., 
9 (1924), pp. 1-17. 

M. S. Viteles, op. cit., pp. 484-48S ; S. M. Sbellow, “Research in the Selection of Motor- 
men,” J. Pers. Res., 4 (1925), pp. 222-237; S. M. Shellow and W. J. McCarter, “Who Is a 
Good Motorman?” Pers. J., 6 (1928), pp. 338-343. 
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saw fit to the girl for lunches and incidental expenses. This created an 
enormous difference between the two groups in the incentive for in- 
creasing production and earnings. Extra earnings on the part of the 
Irish group could be used to satisfy personal pleasures, whereas the 
Polish girls had no such incentive to raise production above the min- 
imum standard set by the plant. This situation made it impossible to 
use production records and earnings as criteria in the development of 
competency tests. 

The character of complicating conditions will vary with individual 
plants and with individual jobs. In general, the development of adequate 
criteria of success and failure in a given job probably involves an ac- 
cumulation and interpretation of standard data furnished by a number 
of firms over a long period of time.®* Such an extensive and intensive 
study of criteria in one or more industries offers a fertile field for basic 
research — possibilities which far exceed those of the construction of 
new tests and their comparison with inadequately evaluated standards 
of accomplishment which are occupying most investigators. Basic re- 
search in this field affords not only an opportunity for the development 
of accurate standards of accomplishment, but for an enrichment and 
refinement of methods for the study of criteria. Such research is essen- 
tial if selection is to reach the level of certainty in prediction to which 
it aspires. 


(5) SELECTION OF EXPERIMENTAL GROUP 

The step following the development of criteria is the selection of 
workers to be included in the experimental group. In general, the main 
experimental group will consist of a group of workers already employed 
on the job whose accomplishments can be compared with test results. 
This group should be supplemented at some time in the course of the 
experiment by a group of applicants tested prior to employment, placed 
on the job regardless of test scores, and followed up to determine the 
relationship between scores obtained prior to employment and accom- 
plishment on the job after a suitable period of training and experience. 
The selection of the members of the first of these two groups is com- 
plicated by a number of problems. In^some instances it may be pos- 
sible and desirable to use all of the employees engaged in the job under 
consideration. At other times the size of the group, the presence of 
older workers, and other factors may make it desirable to select as 
the experimental group a proportion of the workers engaged on the 
job. 

When the entire group is not used, the chief consideration in the 
selection of the experimental group is to make certain that this group 
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constitutes an adequate sampling of all the workers. There must be a 
representation of poor, average, and good workers in a proportion 
equivalent to their occurrence in the entire group. Age, schooling, and 
certain other factors must, in so far as possible, be kept constant, and 
if not kept constant subjected to analysis to determine the influence 
of each factor upon efficiency on the job and upon test scores. It 
is probable, for example, that differences in the amount of training and 
experience on the job will exist in the group. Under such circumstances 
provision must be made either to limit the range of experience in the 
experimental group or to treat findings statistically in order to make 
constant the effect of these particular variables. In general, the following 
rules may be broadly applied in the selection of the experimental group: 

(1) Conditions of work must be constant for all workers included 
in the experimental group. 

(2) Where workers are of different sex, both sexes should be in- 
cluded, but an analysis made in order to determine the possible influence 
of sex differences. 

(3) The age range of the group should not be too great. It is of par- 
ticular importance to exclude from the experimental group, especially 
where motor skills are involved, workers above the age of 40 or 45, so 
as to eliminate the possible effect of age upon adaptability to the new 
motor situations represented in the tests.^® 

(4) Experience on the job should likewise be confined to as limited 
a range as possible. The author has found it desirable, for example, in 
testing motormen, to confine the range of experience to a period of 3 
years, inasmuch as the accident curve of such employees ordinarily 
drops rapidly after approximately 2 years of service.®® The limits of 
the range of experience will depend upon the total number of workers, 
in other words, upon the possibility of getting an adequate sampling 
of good, average, and poor workers within a limited range of service on 
the job. 

( 5 ) In the opinion of the author, workers who object to going through 
the tests should not be included in the experimental group.®^ Coercion 
or “moral suasion” should not be applied in forcing workers to act 
as subjects in the research program. 

In the case of the group of new employees, the experimental group 
is set up by examining and following-up, for a given period of time, all 
applicants hired by the Employment Office in accordance with the 
standard which it has been employing in selection prior to the develop- 
ment of the psychological tests. 
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(6) THE SELECTION AND CONSTRUCTION OP TESTS 

The selection of the tests to be used in the experimental investigation 
constitutes one of the major problems in the research program for the 
development of tests. The selection of tests will depend upon the nature 
of the activities of the job and upon the character of the qualifications 
as determined by means of the job analysis. Inasmuch as vocational 
selection involves a measurement of proficiency, competency, tempera- 
ment and character, and interest, the tests employed will naturally be 
of these four kinds. The author will consider more specifically below 
the varieties of tests to be used for the measurement of each of these 
factors. It is important, however, before going on with this to mention 
a few general considerations which must be given weight in the selec- 
tion and construction of testing material. 

In the first place, the tests must be objective.®® As far as possible, they 
should be simple from the viewpoint of administration. Time and cost 
of administration must be given serious consideration in the selection 
of tests to be tried out in the research program. Like all other measure- 
ment techniques they must be reliable, in the sense that the test will 
give practically the same results in the hands of different examiners 
and when applied to the same subjects at different times. The failure 
to establish the internal consistency or reliability of the test has been 
the stumbling block of many an investigation which has otherwise been 
satisfactory. 

Tests have been classified with respect to the material employed 
There are, for example, paper and pencil tests in contrast to those 
making use of apparatus of one kind or another. Tests have been 
classified, with respect to administrative procedure, into oral and 
written; language and non-language; self -administering in contrast to 
those requiring the presence of an examiner; self-recording and non- 
recording, etc. Distinctions have also been drawn between individual 
and group tests; speed and power tests; time-limit and work-limit tests, 
etc.®® The reader interested in such classifications is referred to the very 
extensive literature on mental testing. 

The investigator in this field must be familiar with a great variety 
of tests already available for use in research programs in industry. 
There are numerous tests at present employed for one or another pur- 
pose in the school situation, the psychological clinic and the psycho- 
logical laboratory which, perhaps with some modification of administra- 
tive technique, may be extremely useful in many industrial situations. 
The failure of industrial investigators to recognize this fact has resulted 
in an unnecessary and almost chaotic duplication of testing devices 
at a time when the more complete evaluation and standardization of 
existing apparatus and techniques are most needed. Such duplication of 

•* W. V. Bingham and M. Freyd, op. at., pp. 76-86. 

»• C. L. HuU, op. at., Chapter III. 
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test material is unfortunate from the viewpoint of scientific research. 
It also increases the cost of the research program in individual indus- 
trial organizations. Perhaps the first principle in the selection of tests 
is to survey manuals of mental testing and the literature of industrial 
psychology for material which may apply in the particular research 
program engaging the attention of the investigator. 

In spite of his desire to adhere to this principle the investigator may 
at times be forced into test construction. At such times he must be 
ready to apply the fundamental principles of test construction which 
are basic in developing a scientific testing instrument. Procedures for 
the selection and scaling of items, for the weighting of items in ques- 
tionnaires, and of the individual units of a test battery cannot be dis- 
cussed here, but familiarity with these procedures is a necessary 
qualification for the research work in the field of mental testing as ap- 
plied to industry.** 

Proficiency Tests in Industry 

Success in many jobs depends upon skills acquired by the applicant 
either as the result of training or in the course of experience on the job 
for which he is applying. This is true of typists, stenographers, in many 
other office occupations, and in a great variety of skilled, technical, 
and professional jobs.** Attained sWll is measured by means of the 
Trade Test, a device that can be used without trade knowledge on the 
part of the examiner for determining in objective, quantitative terms 
the degree of trade proficiency possessed by the person under examina- 
tion.*’ Such tests were first developed for use in the Army during 
the late war, but the years since the war have been marked by an ex- 
tension of their use in industrial establishments of diverse sorts. 

Four types of trade tests have been employed in the measurement of 
attained skill. The first of these is the Oral Test, illustrated below. 
This is designed to test only “the information which the man has with 
regard to certain elements of his trade.” ** Such a test assumes, of 
course, that the informaton about a trade is an outgrowth of experience 
in the trade and an indication of skill in performing the technical opera- 
tions of the trade. It is useful in testing only for such trades in which 
this assumption is found to be justified by experimental analysis. 

Among these may be cited G. M. Whipple, Manual of Mental and Physical Tests, 
Baltimore, 19lS, pp. 688; A. F. Bronner, W. Healy, G. M. Lowe, M. E. Shimberg, A Manual 
of Mental Tests and Testing, Boston, 1Q27, pp. 287; F, Gie.se, Psychotechnische Praktikum, 
Halle, 1923, pp. 153; F. Gaw, “Performance Tests of Intelligence,” Ind. Fat. Res. Bd., 
Report, No. 31, (1925), pp. 45; C. H. Griffitts, Fundamentals of Vocational Psychology, 
New York, 1924, pp. 372; G. E. Manson, “Bibliography on Psychological Tests,” J. Pers. 
Res., 4 (1925), pp. 1-28. 

A very complete discussion of technical and statistical procedures in test construction is 
included in the volume on Aptitude Testing, by C. L. Hull, cited elsewhere in this 
text. See also W. V. Bingham and M. Freyd, op. cit.. Chapters 3QII-XVn inclusive. 

See Chapter XV, pages 311-13. 

J. C. Chapman, Trade Tests, New York, 1921, p. 8. 

Ibid., p. 8. 
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Oral Trade Test 
Printer. — Compositor 

Committee on Classification of Personnel In the Army 

Trade Test Division 

Reproduced by permission of the Adjutant General 
QUESTION 1 

Q. What does the proof reader’s w. f. indicate? 

A. Wrong font. Score 4 

QUESTION 2 

Q. What do you call a table on which the form is locked up? 

A. Stone. Score 4 

QUESTION 3 

Q. In what do you assemble the type from the cases? 

A. Stick. Score 4 

QUESTION 4 

Q. How are types made so that they can be placed in the stick in the proper 
way? 

A. Nick^. Score 4 

Question S 

Q. What do you use to get the t 3 rpe perfectly level in the form? 

A. Planer. Score 4 

Question 6 

Q. What is the page number called? 

A. Folio. Score 4 

An example of the second type of test, the Picture Trade Test, is 
given below. (Figure 23.) This is similar in principle to the oral test, 
presenting “to the candidate pictures of tools, machines, materials, and 
products of bis trade and requiring him to identify these and to in- 
dicate uses.” ** The advantages of this t)q)e are that it brings the ap- 
pilcant closer to the actual trade, that it presents concrete visual images 
of objects instead of requiring him to Wild up in memory an image 
of the object or process he is trying to name. 

The third type is the Performance Trade Test. This is a job so ar- 
ranged as to require of the candidate a demonstration of his manual 
proficiency and his judgment in the use of the main tools of his trade.*® 
(Plate IV.) Such a test places before the worker a problem taken di- 
rectly from the job, and his proficiency as a worker is measured in 

•• W. y. Bingham, “Measuring the Workman’s Skill,” Nat. Soc. Voc. Ed., BuUeliti No. 3, 
Proceedings St. Louis Convention, 1919, p. 5. 

Bulletin No. 3, Nat. Soc. Voc. Ed., p. S. 
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quantitative terms on the basis of his success with this problem. In most 
cases the measurement is in terms of both quality of product and speed. 
In a test for typists, for example, not only would the quality of the 
final copy be examined, but also the speed at which a definite amount 
was produced. The rating based on product and speed is known as a 



Figure 23. Picture Trade Test Lathe Hand 
{After Toops) 


Lathe Hand Test" 


1 What is the part at G called-^ 
Ans. Steady-rest, 

2. What letter shows the live 

center? 

Ans. D. 

3. What is the lever at K used for? 

Ans. Screws (threads). 

4. What do you call the part at C? 

Ans. Face-plate. 

5. What do you call the lever at A? 

Ans. Back-gear. 

6. What is the part at L used for? 

Ans. Gears (change the gears). 


7. What letter shows the cone? 

Ans. B. 

8. What letter marks the tail stock? 

Ans. H. 

9. What is the part at F called^ 

Ans. Follower-rest (follower). 

10. What is the part at J called? 
Ans. Rack. 

11 What is the part at I called? 

Ans. Lead-screw, 

12 What is the part at £ called? 

Ans. Tool-post. 


H. A. Toopsi Trade Tests in Education, New York, 1921, p. 8. 
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producUtime rating. In other tests, such as the test for telephone and 
telegraph linemen and for magneto and ignition repairmen, emphasis 
is placed on the quality of the product alone {Product Test). In still 
other cases the speed with which the test is completed furnishes the 
significant index of skill {Speed Test). The test for steam fitters, for 
example, consists in making up a mitre radiator coil out of its 14 parts. 
If the job is not correctly done, or if it takes more than 115 minutes, 
the candidate is rated as a novice. A journeyman completes it in from 
19 to 24 minutes, while if it is done in 18 minutes or less it is known 
that the man is an expert steam fitter. 

As a general rule it is not necessary for the examiner to watch how 
the job is done. A few exceptions occur to this general rule. When test- 
ing a truck driver, an auto chauffeur, or a motorcyclist, the examiner 
must be seated beside the candidate, prepared to rate performance with 
respect to smoothness of starting, gear shifting, stopping, backing, turn- 
ing, driving through a maze, coasting down hill with power off, using 
the engine as a brake, and so on; but even here the principle holds that 
the tester himself need not be a competent driver. The scoring in this 
case is in terms of how the job is done, the process of the job. This form 
of test is known as a Process Test. 

The advantages of this type of a test are almost self-evident. It tests 
the most essential element of trade skill, the actual operating proficiency 
of the prospective worker. The disadvantages are largely in the dif- 
ficulty and expense involved in designing and standardizing such tests 
and in the time and cost involved in their administraton. 

Below is illustrated the fourth type of trade test, the Written Group 
Test. The usefulness of this type of test is exceedingly limited in indus- 
try, although it may have been of some slight use in solving the Army 
problem and may still be useful to large public employment agencies. 

Bricklayers^ List {Written group) 

Directions: 

In the sentences below, there are four choices for a correct sentence. Only one 
of the four choices is correct. Draw a line under the one choice which makes the 
best sentence. If you are not sure, guess; an omitted answer will count as a 
wrong answer in determining your score. The first two sentences, A and B, are 
answered correctly as a sample for you. Read them carefully; then go on to 
question 1, question 2, and so on to the end of the list. 

A. A half of a brick is called a: chunk, block, heel, h^. 

B. Fire-bricks are laid in: concrete, cement, fire-clay, mortar. 

Questions: 

1. The top course of stone on a wall is called: coping, bond-stone, clip- 
course, capstone. 

2. A brick set on end is called: upright, soldier, rowlock, stud. 

3. Before plumbing up a corner, you should lay: 3 courses, 6 courses, 9 
courses, 12 courses. 

** J. C. Chapman, Trade Tests, New York, 1921, pp. 338-39. 
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4. A brick that is set on the narrow edge is called: stretcher, oarlock, row- 
lock, header. 

5. In coming to a height, if there is a course of brick difference in the level, 
you would call it a: hunch, filler, line level, hog. 

6. Filling-in the space between a front and back course of brick is called: 
slushing up, tempering, tuck-pointing, plastering. 

The use of trade tests is not limited to production jobs in the factory. 
In the examination of typists and stenographers tests of actual typing 
proficiency and of skill in taking and transcribing notes have been ef- 
fectually used in fitting workers to jobs.*® The determination of skill 
in driving on the part of motor vehicle operators offers a wide field for 
the application of this type of test. Trade tests for truck drivers and 
for passenger car operators were developed as part of the battery used 
by the Army in the assignment of personnel. The test for truck drivers 
required a specially laid out plot of ground, 330 x 125 feet, and an- 
other, 50 X 36 feet, graded like the side of a hill. Another plot of ground 
was required for the test on passenger cars. However, no opportunities 
for driving in traffic were afforded in these tests. These and other dis- 
advantages make the Army Trade Tests for drivers unsuited for use 
by industry. An example of a test which meets the requirements of in- 
dustry is a standard procedure for measuring driving skill, devised by 
the author, that can easily be applied under city conditions by an in- 
spector or group of inspectors trained in the use of the covering manual. 

A Trade Test of Driving Skill 

The procedure for giving this test requires that the operator be taken 
over a route which permits the inspector to observe every phase of 
safe and economical operation. The inspector lays out three standard 
routes, equal in general characteristics and difficulty, one of which is 
used whenever the test of driving skill is to be given. 

The purpose in laying out optional routes is to make certain that the 
operator will have no exact knowledge of the ground to be covered 
prior to reporting for his driving examination. Descriptions of these 
routes are filed in the office of the Superintendent of the Transportation 
Division. 

Procedure for Giving the Driving Test 

The driving test starts and ends in the Company garage, so that the 
inspector may observe driving habits and the conduct of the operator 
in the garage as well as on the road. ' 

The inspector in every instance sits beside the driver. He gives di- 
rections for starting, stopping, turning, etc., as required, but does not 
indulge in other conversation with the driver. 

M. Freyd, "Selection of Typists and Stenographers: Information on Available Tests," 
J. Pers. Res^ 5 (1927), pp. 490-S10. 
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PHILADELPHIA ELECTRIC COMPANY 
Transportation Division 
MOTOR VEHICLE DRIVING TEST REPORT 


Payroll Number: 

Petition : Dept Referred by: 

Position Applied For: Examined on Truck Passenger Car. 

Driving H^perlenca: Driving License: 


INSPECTORS’ REPORT 

Place of Inspection: 

KNOWLEDGE OF REGULATIONS: Poor 

GENERAL DRIVING ABIUTY: Poor 

ADDITIONAL INSTRUCTION AND PRACTICE REQUIRED: 


DATE 

Route Number: 

Fair Good. 

Fair Good. 


COMMENTS: 


Recommended Not Recommended for Driving Cert 


inspector. 


DETAILED DRIVING REPORT 


A. Starting 

J. In Traffic 

B. Speed 

K. Bad Weather Driving 

C. Crossings 

L. Clutch 

D. Stopping 

M. Gears 

E. Turning 

N. General Economy 
Features 

F. Backing 

0. General Safety Features 

0. Passing Other Vehicles 

P. Public Relations 

H. Grades 

Q. Changing Tires 

L Parking 

R. Care of Equipment 
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During the examination the inspector carefully checks operating 
items such as those shown below and records on the Motor Ve- 
hicle Driving Test Report (page 222) the results of his observations, 
in accordance with a standard procedure provided for this purpose. 

Inasmuch as it is never permissible to ‘‘ride on a flat tire,” die abil- 
ity to change a tire is examined as part of the test. 

In order to give the rating under “Care of Equipment,” the inspector 
examines the tool box, tire chains, and other items of equipment over 
which the driver of motor vehicle has complete charge. 


Typical Observations Made by Inspector on Driving Test 

A. Starting 

1 . Operator fails to start car smoothly. 

2. Fails to use choke or spark. 

3. Fails to use special devices for cold weather starting. 

4. Fails to look in all directions before setting car in motion. 

B. Speed 

1. Too fast in traffic between streets. 

2. Too fast at street intersections. 

3. Too fast on suburban roads. 

4. Too fast for wet streets. 

5. Too fast in garage. 

C. Crossings 

1. Fails to have car under complete control at crossings. 

2. Fails to look in both directions at crossings. 

3. Tends to “fly signals” when yellow. 

4. “Hogs” the crossing; fails to give vehicles or pedestrians the right of way. 

5. Does not use horn when required at crossing. 

6. Fails to take proper precaution in crossing railroad tracks. 

D. Stopping 

1. Fails to place hand out to warn following vehicles. 

2. Applies brake suddenly — ^jerky stop. 

3. Fails to look around before stopping. 

4. Stops too far from curb. 

5. Hits curb when stopping. 


E. Turning 

1. Fails to keep to the right when making right turn. 

2. Fails to keep to the left or center when making left turn. 

3. Fails to give hand signal before turning. 

4. Looks at mirror but does not look out of window before turning. 

5. Fails to look either at mirror or out of window before turning. 

6. Violates local regulations in turning between crossings. 

7. Turns crossings too short. 
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Educational Achievement Tests 

In additional to tests of trade skill, there may occasionally be need 
in industry for the application of achievement tests measuring the at- 
tainments of the individual in the field of education. O^Rourke, for 
example, has made use of a test including problems in spelling and 
grammatical construction in the selection of typists and stenographers.** 
Tests of the same kind form part of the battery recommended by 
Thurstone for the selection of clerical workers. A simple language 
comprehension test may be used in the selection of semi-skilled workers 
for occupations in which the worker must be able to read well enough 
to understand safety posters aand special announcements issued from 
time to time by the company. 

** L. J. O’Rourke, Annual Report of the Director of Research, U. S Civil Service Com- 
mission, Washington, D. C., 1930, pp. 36-37. 



XII. STANDARDIZATION AND ADMINIS- 
TRATION OF PSYCHOLOGICAL TESTS (continued) 


(6) THE SELECTION AND CONSTRUCTION OF TESTS (CONTINUED) 

The Measurement of Competency 

Competency represents the potentiality of the individual to profit 
from training and experience on the job and to develop into a satisfac- 
tory worker.^ The determination of competency involves a measure- 
ment of general intelligence and of specialized abilities. 

General Intelligence Tests 

For the measurement of general intelligence there are available a 
variety of standard tests. A number of these, including the Army group 
intelligence examinations; the Bureau of Personnel Research Test VI 
(a spiral omnibus form of the Army Alpha); the Otis General Intel- 
ligence Test (Designed for Business Institutions); the Otis Self- 
Administering Tests of General Intelligence; the Scott Company Men- 
tal Alertness Test - have been used in industrial research and selection 
programs. In a number of instances, special tests of the general intel- 
ligence type have been prepared with content applying directly to the 
industry in which they are used, and with items and questions phrased 
in the terminology of the industry. An examination of this type is illus- 
trated on pages 227-28, showing a section of a test devised by the 
author for the selection of cab drivers which gave satisfactory results 
in predicting the merit and demerit records of drivers. 

The Measurement of Special Abilities 

In general, there are three types of tests available for the measure- 
ment of special abilities: (1) analytic, (2) analogous, and (3) work 
sample. 

1. The analytic type of test is designed to measure either one of a 
restricted number of the specific abilities which enter into the opera- 
tions of a job. The use of this type of test presupposes a ver/ careful 
analysis in terms of underlying, constituent abilities and the prepara- 
tion of a battery of tests, each measuring one or more of those abilities 
which are most significant for success on the job. The results of these 

‘ See Chapter VIII, pages 12(W3. 

2 Describe by A. W. Kornhauseri **Some Business Applications of a Mental Alertness 
Test,” J. Pers, Res., 1 (1922), pp. 104-111. 
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tests may be ultimately combined into a single score, or each test may 
be considered separately in determining competency for some particular 
part of the job.‘ In some instances results may be presented in the form 
of a profile showing the performance on each test expressed in either 
quantitative or qualitative terms. A further development of this tech- 
nique is to compare the individual profile (individual psychograph) 
wi^ one showing the requirements of the job (job psychograph) as a 
means of gauging competency for the job.'* 

Characteristic of the analytic type of test is a battery employed by 
German investigators in the selection of apprentices for the metal trade, 
which includes tests of visual discrimination, space perception, kin- 
aesthetic discrimination, manual dexterity, etc.® The tests which the 
author has used in the selection of substation operators, described on 
pages 263-64, are also representative of the analytic type of test. So, for 
example, the Learning Test is designed to measure the ability of the 
applicant to learn a complex series of motor responses — ^an ability 
which is essential in the accurate operation of the substation. “Accur- 
acy in following directions” is measured by the Directions Test (Plate 
II) involving 24 directions calling for the manipulation of the switch 
panels and boxes which make up the test. Moreover, in the case of this 
series, both a quantitative score and a profile showing the variability 
from test to test are employed in gauging the suitability of the applicant 
for the job. 

The use of analytic tests generally involves a series of “a priori” 
assumptions concerning the nature of the ability tested.® There is always 
the possibility that the tests, although valid, do not measure the traits 
whi^ they presume to tap.’ However, in spite of this, the satisfactory 
results obtained through the use of such tests point to their serviceabQ- 
ity. 

2. The second type of test which may be employed in the selection 
of workers is the analogous test. In this the attempt is made to duplicate 
in one test the essential activities of the job,® either by reproducing in 
miniature the pattern of the job or by constructing a test which 
simulates the job without exactly reproducing it. The principle under- 
lying such tests is that the essential feature of an activity is the rela~ 

* B. Biegeleisen, **t}ber den diagnostischen Wert psych otechnischer Eignungspriif ungen/’ 
Ind, Psychot., 8 (1931), pp. 113-128. 

*W. Poppelreuter, Allgemeine methodische RichtUnien der prakiisch-psychologischen 
Begutachtung, Leipzig, 1923, pp. 19 ff., and F. Giese, Handbuch psychotechnischer 
Eignungspriifungen, Halle, 1925, pp. 6SS ff. 

® See Chapter XIII, pages 278-82. 

®Of course it is possible to select such tests by the “empirical” method, in which a 
long series of tests, selected at “random,” are tried out and compared with the criteria. How- 
ever, the cost in time and material of this method practically imposes a preliminary analysis 
and “a priori” assumptions upon the investigator. (See H. L. Hollingworth, Vocational Psy- 
chology and Character Analysis, New York, 1929, pp. 294 ff.; W. V. Bingham and M. Freyd, 
Procedures in Employment Psychology, Chicago, 1926, pp. 81-82.) 

^W. Weber, Praktische Psychologic, Leipzig, 1927, pp. lOSff. 

®C. L. Hull, Aptitude Testing, Yonkers, N. Y., 1928, p. 67. 
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YELLOW OAB COMPANY 

OF PHILADELPHIA 


Test for Driven 

Compiled by 
Morris S. Viteles, Ph.D., Consulting Psychologist 

page 7 

34. In the drawing below make a line to show the SHORTEST route 
from house 1 to house 2 to house 3 following the traffic rules. 

THE NUMBERED SQUARES STAND FOR HOUSES. 

There are TWO TRAFFIC rules 

1. ALWAYS TURN TO THE RIGHT. No left-hand turns 
are allowed. 

2. Keep off the part of the street marked “CLOSED.” 



35. If you charge 30 cents per mile and IS cents for each extra pM- 
senger more than one, how much will you collect for a 6-mile ride 
on which you carry 4 passengers? 

Answer; 

36. If a taxicab bill is $7.55 and you are given a ten dollar bill, what is 
the SMALLEST number of coins you can give back in change? 

Dollars Halves Quarters 

Dimes Nickels 

37. Answer the following question about the picture of the automobile 
accident which you observed: 

From what State is the automobile? / 

Answer: 

38. Above the first letter below make a cross. Draw a circle around the 
letter which follows it in the alphabet and a line from this to the 
last letter below. 

JARNPKLOSTVA 
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39. PUT A CROSS BEFORE THE BEST ANSWER TO THIS 
QUESTION. 

If your cab tooke down and there was no other cab to which to 
transfer your passenger, and the passenger refuses to pay what the 
meter luis regtetered because he has not been carried to his destina- 
tion, what would you do? 

Beat him with your crank handle until he paid. 

Hold him in the cab until a policeman came to settle 

. the dispute. 

Ask him to give you his name and address and allow 

him to go. 

Allow him to go without paying, but follow him until 

you came across a policeman whom you could ask to 
arrest him. 


tionship among the functions which constitute it, and that the attempt 
to separate the whole job into constituent functions serves to conceal 
that relationship which must be maintained in measuring fitness for 
work.® 

The Wisconsin Miniature Test for Engine Lathe Aptitude, shown 
in Figure 24, is an example of the analogous test in miniature 
form. Here the attempt is to duplicate the part of an engine lathe 
which controls the movement of the cutting tool. The arm A support- 
ing the point P is so mounted that the latter may be moved to 
any position on the vulcanite plate X, by the joint action of two screws 
placed at right angles to each other, and turned by the cranks H and 
H which are exact duplicates to those actucilly used on an engine lathe. 
The subject’s task is to move the point P around the series of 6 electric 
contacts shown in plate X, going as directly as possible from one to 
the other. A bell rings as each contact is touched to notify the subject 
that he has succeeded in touching it and as a signal for him to proceed 
to the next contact. In order to secure a record of the subject’s move- 
ment in passing around the contacts, arm A is extended over area Y 
which holds a piece of paper. This extension holds a small lead pencil, 
P', which traces a duplicate of the path made by point P.^® 

The miniature form of the analogous test has also been employed by 
the author in a device designed to measure perception of distance and 
speed of moving objects in the selection of motor vehicle operators.'^ 

* W. Stem, “Richtlinien fUr die Methodik der psychologischen Praxis,” Beiheft. Z. ang. 
Psych., No. 29, Leipzig, 1921, p. 6 fi. (Also see this text, pages 164-65.) 

10 C. L. HuU, op. cit., pp. 67-69. 

11 Although experimental studies with this test have been conducted in Milwaukee, 
Cleveland, and Philadelphia, the test has not yet been satbfactorily standardized. However, 
it will serve in further Ulustration of the type of test under discussion. (See Anon., “P. R. T. 
Improves Selection and Training Methods for Employes,” Elec. Ely. Jour., 23 (1928) p. 67. 
A modified form of this test has been used in the study of accident-prone drivers by the 
Cleveland Street Railway Co., described in Chapter XVUI, pp. 379-85.) 
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(Plate I.) The illustration of this test shows two tracks, on each of 
which is a miniature electric train. The train on one track is started by 
the examiner and passes around the track at speeds controlled by an 
automatic rheostat which varies the speed among “slow,” “medium,” 
and “fast” at periodic, irregularly spaced intervals. The train on the 
second track is under the control of the subject. The tracks are so laid 
that there are two points at which there is insufficient clearance for the 
trains. In addition, at one point on each track each train passes through 
a tunnel, so that speed of movement through blind areas must be esti- 
mated by the subject. The subject is instructed to keep the train under 



Figure 24 . Wisconsin Miniature Test jor Engine Lathe Aptitude 
(After Hull) 

his control moving at as high a speed as possible and, at the same time, 

(1) to avoid collisions at intersections and non-clearance points, and 

(2) to avoid derailments because of excessive speed at curves. The 
number of trips around the tracks is automatically recorded and col- 
lisions and derailments are counted by the observer. 

The test devised by the author in the selection of street car motor- 
men (Plate I, Viteles Motorman Selection Test),'® is an example of 
the analogous type of test which simulates, without duplicating, the 
operations of the job. The test, which is described in somewhat greater 
detail on pages 292-94, is constructed so as to involve a combination of 
attention and reaction similar to that required in the daily operation 
of the street car. No attempt is made to measure “attention,” “selective 
response,” “time of response,” etc. separately. The test attempts to tap 
the combination of these functions as they are related on the jpb itself. 

The outstanding feature of this test is that the applicant employs 
in reacting approximately the same set of muscles that are used in 
actual street car operation without duplicating the responses used in 
operating the car. The latter feature makes it possible to avoid the ef- 

S. Viteles, “Research is the Selection of Motormen,” J. Pers. Res., 4 (1925), pp. 

173-199. 
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fects of training in street car operation upon test performance in the 
examination both of applicants, for purposes of hiring, and of tramed 
men in the service of the company who have been involved in accidents. 
One of the chief features of the analogous test, whether in miniature or 
in another form, is that no identification of underlying abilities is neces- 
sary. 

3. The third type of test is the work sample, which requires the sub- 
ject to perform either all the operations of the job or certain selected 
operations as they are carried trough under normal conditions in the 
plant. The work sample, although involving the activities of the job, 
differs from the trade test in the sense that the applicant, at the time of 
testing, is expected to possess none of the skills of the job. The criteria 
for selection when the work sample is used are the rate and amount of 
improvement of the subject with a given amount of practice. In other 
words, the work sample is a direct measure of the trainabUity or educa- 
bility of the applicant for employment on the operations which he will 
be expected to perform after a suitable amount of training and expe- 
rience on the job. The chief purpose in using the work sample is to plot 
a practice or learning curve and from the first part of the learning curve 
to predict the success of the worker after longer periods of practice on 
the job.“ An incidental advantage of the work sample test, which natu- 
rally stretches over a comparatively long period of time, is that it af- 
fords an opportunity for an extended observation of the subject with 
respect not only to competency, but with reference to the play of the 
entire personality at work. This advantage has been particularly 
stressed by Poppelreuter,'^ Giese,^® and others who recommend the 
use of this type of test. Examples of ths type of testing will be discussed 
in Chapters XIII and XIV. 

From this discussion of types of tests it is evident that there are 
not only three types of tests, but two methods of testing, depending 
in part upon the type of test employed. The first involves a direct 
measure of competency by means of tests of short duration. The second 
involves primarily an analysis of learning curves, obtained through 
practice, combined with an extended observation of reactions. 

FACTORS IN THE SELECTION OF TYPES OF TESTS 

The choice of the type of test to be employed in selection for a par- 
ticular job will depend in part upon the nature of the working situation 

See Chapters XIX and XX. In some instances, an analogous type of test will be used 
Instead of the work sample itself as an agency for practice or in plotting the learning curve, 
but, in general, investigators who employ this type of test prefer a sample of the job as 
the operation to be practised. 

W. Poppelreuter, “Die Arbeitskurve in der Eignungspriifung,” Ind. Psyehot., 3 (1926), 
pp. 161-67. 

F. Giese, “Die Arbeitsproben in der Psychotechnik,” Z. ang. Psych., 23 (1924), pp. 12- 



Pirate 1 

VITELES MOTORMAN SELECTION TEST 



3. — Speed and Distance Test 





Plate II 

TESTS USED IN THE SELECTION OF ELECTRICAL SUBSTATION OPERATORS 

Philadelphia Electric Company 



7 . — Typical A. C. Substation Switch- 2. — Directions Test 

board 



3. — Switching Control Test — 4. — Switching Control Test- 

SubjeeCs and Examiner’s Boards Examiner’s Board 
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and in iiart upon the investigator’s viewpoint with respect to (1) the 
natttre oj ability and {2) the problem of educability. Although general 
aspects of these problems have been treated in the discussion of the 
nature and origin of individual differences (Chapters VI and VII) and 
in relation to the measurement of general intelligence (Chapter VIII), 
it seems desirable to consider them again with reference to the specific 
question of the type of test to be used in measuring special abilities. The 
significance of the investigator’s position on the nature of ab^ty and 
of educability can perhaps best be illustrated by considering the predic- 
tion of success in jobs involving motor skill, i. e., in so-called “manipula- 
tive,” “mechanical,” or “manual” work. 

Motor skill represents an integration of responses involving a variety 
of co-ordinated body movements organized into a kind of rhythmic pat- 
tern. Skill develops with practice, but its development depends partly 
upon the existence of certain inherent mechanisms of motor response 
which have been varioxisly designated as motor capacities, mechanical 
abilities, manual ability, practicd ability, etc.^® For the purposes of this 
discussion the term mechanical ability or abilities will be used in re- 
ferring to the underlying factor or factors in the development of motor 
skill. The problem in selection is that of measuring the underlying abil- 
ity (or abilities) and predicting the level of skill which can be attained 
after a given amount of practice. The procedures employed in measure- 
ment and prediction will depend upon the answers that are given to 
such questions as: 

Is motor skill determined by a single, central factor that may be 
designated as mechanical abUityf 

Does it represent an ensemble of elementary functions united to con- 
stitute a “gestalt" or “pattern,” structurally self-contained? 

What is the relative influence of practice and personal aptitude in 
the constitution of skill? 

To what extent can the underlying mechanisms of skill be improved 
by training? 

One group of such questions concerns the nature of mechanical abil- 
ity. Results of independent investigations have led to marked differ- 
ences of opinion with resp)ect to this problem. 

1. According to one point of view, there is a single central factor — 
mechanical ability — common to all kinds of manipulative operations. 
The individual possessing a high degree of this common factor has the 
necessary equipment for success in any or all of the mechanical occupa- 
tions. In other words, he has the qualifications for becoming a good 
carpenter, a good tool maker, a good sheet metal worker, a plumber — 
a satisfactory worker in all occupations in which integrated, co- 
ordinated body movements are of importance. 

'“See Footnote 18, The Nature of Skill, page 120. 

" A. Gemelli, “Rechercbes sur la Nature de lHabileti manuelle,” J. de Psych., 2S (1929), 
pp. 164-165. 
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This point of view is essentially that supported by Stenquist,^' who 
gave several hundred boys in a New York City Public School a series 
of “intelligence” iuid “mechanical” tests. The latter included two as- 
sembling tests and two picture tests. Each of the former required 
the subject to assemble as quickly as possible 10 common objects, such 
as a cupboard catdi, clothes pin, etc. In the picture tests the suisjects 
were required to match pictures of parts of mechanical objects and to 
answer questions concerning the parts of machines. 

The fact that mechanical tests inter-correlated, “on an average, be- 
tween .6 and .7,” and that “one test of actual manipulation of objects, 
such as Series I, correlates about as high with either of the picture tests 
as it does with a second series of models to assemble,” led Stenquist to 
conclude that “on the whole, any one of the four tests affords an im- 
portant indication of a general ability that may for convenience be 
called general mechanical aptitude — general in the sense that it does 
not pertain to any special trade, and mechanical, as is more or less 
obvious from its nature.” Mechanical ability, in other words, is con- 
ceived as a central factor resembling in the field of manipulation the 
factor of general intelligence, or “g,” which, according to Spearman,®* 
runs through all kinds of intellectual activities. 

The concept of a central factor receives further support in a recent 
study by Cox,®® who gave a series of tests not involving manipulation 
but requiring the solution of mechanical problems embodied in me- 
chanical models, diagrams, etc., to 114 elementary school boys, 85 com- 
mercial students, and 228 Army mechanics. The results, according to 
the author, point to the existence of a central factor appearing in opera- 
tions in which the subject is called upon to deal mentally with mechan- 
ical movements. This is a unitary mental factor “m” operating almost 
always in conjunction with “g” and forming part of what has been called 
“mechanical ability.” Concrete mechanical ability, according to Cox, 
can be resolved into (1) the general factor “g,” (2) the characteristic 
group factor “m,” and (3) one or more factors specific to the mechanical 
task in question. Although Cox defines “m” as a group factor, its pres- 
ence in a very wide variety of mechanical tasks stamps it as a central 
factor which determines success in manipulative tasks. From the view- 
point of content the “mechanical ability” of Cox is distinctively differ- 
ent from that of Stenquist, but the practical implications of toth are 
essentially alike. 

2. In contrast to the emphasis on a central factor is the opinion that 

J. L. Stenquisti Measurements of Mechanical AhUity, Columbia University Contri- 
butions to Education, No. 130, New York, 1923, pp. 101. 

The Minnesota Assembly Box, shown in Plate 111, is a revision of the Stenquist Me- 
chanical Assembly test. 

J. L, Stenquist, “The Case for the Low 1. Q./* J. Educ. Res., 4 (1921), pp. 241-54. 

For the general background of this discussion of specific, general, and group factors 
see Chapter VlII, pages 127-33, and the references cited therein. 

** J. W. Cox, Mechanical AptUtule, London, 1928, pp. 209. 
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there are many mechanical abilities so specific in character that a man 
may have the qualifications necessary for becoming a good pun^ press 
operator, but may lack those necessary for assembly work or for accu- 
racy in hammering, filing, and in other types of me^anical work. That 
motor abilities are highly specific is the conclusion reached by Perrin 
on the basis of an intensive study of 51 undergraduates at the University 
of Texas, involving the use of complex motor tests, a series of simple mo- 
tor tests, an intelligence test, university grades, and character estimates. 
This conclusion is based largely on the values of intercorrelations among 
3 complex and 14 simple motor tests shown in Table 23. 

Perrin’s findings and conclusions are confirmed in an investigation by 
Muscio,^* who employed similar tests in examining 5 groups of 88 sub- 
jects, including boys and girls attending the elementary schools, Cam- 
bridge undergraduates, and women medical students. The consistently 
low value of coefficients of correlation among the tests leads Muscio to 
conclude that there is no “motor type” and that a person’s relative 
performance in any one motor test does not normally represent a 
general motor test performance level, that is, a relative performance 
level which will be attained in any other motor test. 

More recently Seashore has employed a battery of tests known as 
the Stanford Motor SkUls Unit in the investigation of mechanical abil- 
ity. This includes: the Koerth Pursuit Rotor, for measuring eye-hand 
co-ordination in following a target moving in a circular path at high 
speed; the MUes Motility Rotor, used in testing speed in turning a smdl 
hand drill; the Brown Spool-Packer, involving speed in bi-manual co- 
ordination; the Motor Rhythm Test, measuring precision in following 
a regular rh3rthmic pattern on a telegraph key; the Serial Discrimeter, 
testing speed of finger movements in discriminative reaction to a visual 
series ; and the Tapping Key, used in examining speed of forearm and 
finger movement on a telegraph key. A number of independent investi- 
gations with these and other tests has led to the conclusion that “the 
independence of the skills measured in these tests argues against any 
theory of general motor ability and in favor of specific skills. The 
independence of these performances as measured suggests that, if there 
are basic motor capacities, they are more numerous and more specific 
than previously believed.” 

3. A position intermediate between that of insistence upon a central, 
common factor or upon the absolute specificity of factors in determin- 
ing manipulative skill is adopted by those who ar^e for the existence 
of distinct abilities each of which, however, functions in a variety of 

Perrin, “An Experimental Study of Motor Ability,” J. Exp, Psych., 4 (1921), pp. 

24-56. 

2^ B. Muscio, “Motor Capacity with Special Reference to Vocational Guidance,” Brit. J. 
Psych., 13 (1922), pp. 157-184. 

2» R. H. Seashore, “Stanford Motor Skills Unit,” Psych. Monog,, 39 (1928), pp. 51-65. 

2®R. H. Seashore, “Individual Differences in Motor Skills,” J. Gen. Psych., 3 (1930), 

p. 61. 
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r^ted mechanical skills. This point of view denies the existence of a 
single, central factor, but assumes that there is a restricted number of 
group factors appearing in different combinations in diverse mechanical 
tasks. Certain of these abilities may be somewhat generalized in char- 
acter, in the sense that they appear in a wide variety of mechanical 
tasks while others may be somewhat more specialized, although still 
extending over a distinctive number of tasks. 

TABLE 23®^ 

Showing Correlations Among Various Motor Tests {After Perrin) 




CARD 

CO-ORDINA- 

“COMPLEX” MOTOR TESTS 

BOGARDUS 

SORTING 

TION 


r 

r 

r 

1. Bogardus 



- .10 

2. Card Sorting 

— .06 


+ .36 

“SIMPLE” MOTOR TESTS 

1. Reaction time 

-f .16 

+ .21 

— .06 

2. Inhibition of winking reflex . . 

-f .02 

— .11 

+ .02 

3. Motor memory 

4- .02 

+ .22 

+ .17 

4. Weight discrimination 

-.07 

- .03 

— .01 

5. Aiming 

+ .24 

— .09 

+ .12 

6. Aiming (blindfolded) 

-f .29 

+ .0S 

+ .04 

7. Balancing 

+ .38 

— .06 

— .11 

8. Rhythm (pendulum) 

+ .17 

+ .20 

+ .29 

9. Rhythm (k 3 miograph) 

— .02 

+ .12 

+ .12 

10. Tapping 

+ .22 

+ .02 

+ .01 

11. Steadiness 

+ .09 

— .04 

+ .01 

12. Tracing 

- .11 

— .01 

+ .09 

13. Dynamometer 

— .22 

+ .20 

+ .39 

14. Vital capacity 

— .14 

+ .09 

+ .22 


(From Hull) 

This is essentially the position adopted by Farmer, who applied three 
tests of aestheto-kinetic co-ordination, including a Choice Reaction 
Test, the McDougall-Schuster Dotting Test, and a Purusit Meter, to 
one group of 645 subjects and to another of 449 subjects. Farmer uses 
the term aestheto-kinetic to avoid employing the word “motor” or 
“mechanical,” but describes these tests as having the common char- 
acteristic that “afferent impulses received through the sensory organs 
have to be interpreted as signs for the performance of certain rapid, 
accurate movements by hand or foot.” Although the intercorrelation 
C. HuH, Aptitude Testing, Yonkers, N. Y., 1928, p. 211. 

E. Fanner, “A Group Factor in Sensory Motor Tests,” Bril. J. Psych., 1927, p. 328. 
(Also see E. Farmer and E. G. Chambers, “A Psychological Study of Individual Differences 
hi Accident Rates," Ind. Fat. Res. Bd., Rep., No. 38, (1926), pp. 46.) 






PSYCHOLOGICAL TESTS 


235 


among these tests is only + 0.25, the consistency between intercorrda- 
tions in various groups, as well as the value of this coefficient, are inter- 
preted as pointing to the existence of a group factor which characterizes 
more complex forms of motor response. This common element is not 
so marked as that which connects intelligence tests, but it is due nmther 
to intelligence nor to strength since there is no correlation between 
these factOES and the aestheto-kinetic tests. 

The existence of a group factor in aestheto-kinetic response is ex- 
plained on theoretical grounds by Farmer who points out that “this 
degree of intercorrelation is intermediate between that of motor tests 
in general, which do not intercorrelate at all, and intelligence tests 
which intercorrelate highly. Co-ordinated movement requiring con- 
scious direction is biologically intermediate between the ability merely 
to move and the ability to think. This same order is observed in the 
effects of an anaesthetic. First the higher centres of thought are af- 
fected, then highly co-ordinated movements such as balance and walk- 
ing, and finally any movements at all, the pure reflex movements being 
affected last. The process of anaesthetizing proceeds backwards through 
our biological history and attacks first the functions that have high in- 
tercorrelations, next those which have small intercorrelations and finally 
those which have no intercorrelations. This parallelism between the 
magnitude of the average intercorrelation coefficients and the biological 
level of the functions from which they are obtained is curious, and if it 
ultimately turned out to be a true relationship, it might lead to a useful 
classification of psychological tests.” 

Evidence of the existence of group factors is also found in an in- 
vestigation by Earle, Gaw, and others,^** involving the examination of 
approximately 1000 children between the ages of 12 and 17, on a series 
of 13 tests including peg boards, disc placing, aiming, threading beads, 
tactual discrimination, discrimination of parallel lines, etc. The study 
of intercorrelations brings out a high degree of independence of abilities 
measured by the tests. When Spearman’s statistical criteria are applied 
to the table of correlations the factors determining success in each test 
appear to be specific to the test situation. Althou^ tetrad differences 
cluster around zero, the intercorrelations among tests appear too low 
to justify the hypothesis of a central factor. Of 288 coefficients, only 
228 are greater than .20. However, the fact that tests may be grouped 
to show higher correlations between themselves than with those in other 
groups may be taken, according to the authors, to signify the presence 
rather than the absence of group factors. Tests of dexterity^ for ex- 
ample, have an average intercorrelation of +0.36; tests involving 
speed, + 0.29. However, tests of speed show an average intercorrela- 

Ibid., p. 330. 

F. M. Earle, F. Gaw and others, “The Measurement of Manual Dexterities,” NaVl 
Ins. Ind. Psych., Report No. 4, 1930, pp. 88. (See also F. M. Earle and A. Macrae^ 
“Tests of Mechanical Ability,” NaPl Ins. Ind. Psych., Report No. 3, 1930, pp. 42.) 
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tion with those of dexterity of only -|- 0.13. “Although no general factor 
of ‘manual dexteri^’ is discoverable, the existence of group factora — 
common to, and influencing success in, certain tests” — is therefore, ac- 
cording to Myers (Who writes the preface to this study) , “by no means 
excluded. Indeed their presence is, even if only in a small degree, sug- 
gested by the finding that increase in age is accompanied by increase 
in ability in those tests of manual dexterity in which speed of move- 
ment predominates. Group factors may also account for the^ finding 
that treiining for certain trades may lead to increased proficiency in 
certain tests.” 

Additional evidence on the existence of group factors as the deter- 
miners of mechanical ability appears in a recent study by a group of 
investigators at the University of Minnesota who undertook to in- 
vestigate the questions of whether it is possible for an individual to 
be distinctly gifted in one line of mechanical work and to possess poor 
or mediocre capacity in another, or whether there is a single general 
motor ability that enables its possessor to do all kinds of mechanical 
work well. The investigators started by choosing, and trying out on a 
group of 2 1 7 junior high school boys, a battery of tests sufficiently prom- 
ising to warrant consideration as possible measures of mechanical 
ability. After reviewing these tests — in order to make instructions 
simpler and more specific, to make administration uniform and useful, 
to improve the tests in reliability and validity — a battery of tests was 
selected and given to a main experimental group of ISO junior high 
school boys whose course included shop work. This battery included 
the Minnesota Assembly Tests (after Stenquist), (Plate III); Minne- 
sota Spatial Relations Test (after Link), (Plate III); Minnesota 
Paper Form Board Tests (after Army Beta) ; Card Sorting Test (Plate 
III); Packing Blocks Test (Plate III); Nine-Hole Steadiness Test; 
Stenquist Mechanical Aptitude, Picture Tests I and II. 

The investigation also included a study of academic success, previous 
experience in mechanical work, measurement of mechanical interest, 
an examination of home influence in relation to the genesis of mechan- 
ical ability, etc., which will not be considered here.** In the attempt to 
develop satisfactory criteria of proficiency three t 5 ^s of material were 
employed: (1) finished products made by boys in introductory courses 
in shop work in the junior high school, (2) results of final operations 
tests given in the same courses, and (3) the results of objective infor- 
mation tests given in the same courses.** Accurate measures of quality 
and quantity of work were obtained by means of objective rating de- 
vices involving a measurement of certain specified characteristics of 
each project, including a grand total of 393 points. 

»i/6«t.,p. 1. 

D. G. Paterson, R. M. Elliott, L. D. Anderson, H. A. Toops, E. Heidbreder, Minnesota 
Mechanical Ability Tests, Minneapolis, 1930, pp. 586. 

See Chapter VIII, pages 132-33. 

** D. G. Paterson, R. M. EUiott, L. D. Anderson, H. A. Toops, £. Heidbreder, op, cit,, 
pp. 199-201. 
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MINNESOTA MECHANICAL ABILITY TESTS 



J . — Card Sorting Test 


4. — Packing Blocks Test 






Plate IV 

APPRENTICE SELECTION TESTS 



1. — Smithing Test (after Heilandt) 2. — Manual Control (after Rupp) 


TRADE TEST FOR LINEMAN 
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Three criteria were established: quality, information, and quantUy- 
qudity. The low correlations between tests and the latter criteria; the 
high correlation between the information criteria and intelligence; 
combined with the preponderant interest in mechanical ability as ma- 
nipulation, led to the selection of the latter in the construction of teams 
of tests for optimal prediction. The highest validity coefficient be- 
tween any battery of tests and any criterion (combined quality and 
information criterion) was -f 0.81. A number of batteries of tests 
suited for different purposes were developed, having validity coeffi- 
cients from -f O.SS to -f 0.73, most of them over + 0.60, with re- 
liability coefficients between 0.86 and + 0.94. 

The chief item of interest for the moment is the treatment of results 
by the investigators to determine the nature of mechanical ability.*® 
The application of statistical methods devised by Spearman indicates 
that mechanical ability probably does not involve any single general 
factor. Low intercorrelations between different measures of mechanical 
ability suggests that specific factors play the major r61e.®* Further 
analysis suggests that quasi-general or group factors may play a part 
in determining proficiency in manipulation as defined by the criterion, 
although the data give no indication of the concrete content or nature 
of these group factors.*’^ 

4. The fourth point of view lays stress upon the functional relation- 
ships in motor skill. This outlook reflects the influence of the gestalt 
school in psychology, which centers attention upon the pattern of an 
activity rather than upon its constituent parts.*® In the traditional, 
analytic approach in psychology, an act of skill and — as a matter of 
fact, personality itself — is viewed as a mosaic of simpler elements which 
can be isolated and submitted to microscopic examination.*® The differ- 
ence between two acts of skill, such as drill press and automatic screw 
machine operation, lies only in the kind or quantity of traits involved,** 
and the mechanical ability (or abilities) underlying them can be distin- 
guished as stable and unchangeable factors in the mixture if only suit- 
able situations can be designed and if agreement can be reached upon 
the adequacy of statistical methods for isolating them. The contrasting 
opinion is that every skilled act is an integrated whole — a dynamic func- 
tional pattern which becomes completely modified in structure if any 
change is made in the subordinate, interrelated parts. Such, for exam- 

For a comparison and critical discussion of the techniques, findings, and conclusions 
of the studies by Cox and by the Minnesota groups, see O. L. Harvey, “ 'Mechanical Apti- 
tude’ or ‘Mechanical Ability’?— A Study in Method,” 7. Ed, Psych., 22 (1931), pp. S17-S22. 

D G. Paterson, R. M. Elliott, L. D. Anderson, H. A. Toops, E. Heidbreder, op. cit,, 
p. 300. ^ 

8^ Ibid., p. 231. 

88 W. Koehler, Gestalt Psychology, New York, 1929, pp. 403. 

88 See A. Juhasz, “Die ‘Krise’ dcr Psychotcchnik,” Z. ang. Psych., 33 (1929), pp. 456-464; 
M. S. Viteles, “Die ‘Gestalt’ Betrachtungsweisc in der angewandten Psychologie,” Z, ang. 
Psych., 36 (1930), pp. 52S-S31. 

The possibility of isolating constituent parts of an act of skill is, for example, assumed 
in the technique for skill analysis employed by Fairchild, described in Chapter IX. 
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pie, is the conclusion reached by Leurquin,^* following an analysis of the 
performance of ISO subjects on 5 motor tests, including a few of the Link 
tests, the tremometer, and a tapping test. Schultz, Baurmann,*^ and 
other German investigators have likewise pointed to the disappearance of 
the unique quality of a mechanical activity when the attempt is made 
to break it up into constituent elements. 

1. The practical outcome of the conclusion that mechanical abilities 
are highly specific in character is that every job will require specific 
vocational tests of just those abilities that function in the job. The 
only satisfactory procedure would necessarily involve a “sampling of 
serial performances of the same general neuro-muscular co-ordina- 
tions” ** as are used on the job — ^in other words, the use of analogous 
tests duplicating or simulating the operations of the job. As a matter 
of fact, as Hull has pointed out, pressed to its logical conclusion, the 
specific theory would permit testing only by means of work samples, 
since factors determining success in two diverse activities — the test and 
the job — could not be common to both.*® 

2. If mechanical ability is general in character, in the sense that 
there is a central factor common to all manipulative operations, one 
battery of tests will suffice to measure mechanical ability for a great 
variety, if not all, manipulative tasks. The tests will necessarily have 
to be analytic in character, since no battery could be analogous to 
a great variety of manual jobs. 

3. If there exists a restricted number of group factors, combined 
in different degrees and in different relationships in a variety of tasks, 
it again becomes desirable to use the analytic type of test. The prob- 
lem here is that of selecting a battery of tests tapping all of the im- 
portant group determiners in manipulative work and to combine them, 
by means of different weights, in selection for a variety of jobs. 

4. If an unmodified gestalt viewpoint is adopted in mental test- 
ing — ^with an emphasis upon functional relations rather than upon 
constituent units — it again becomes necessary to use either the work 
sample or possibly an analogous test resembling very closely the related 
motor operations of a job as a means of predicting achievement on it. 


On “Educability" 

The choice of tests to be used in measuring vocational fitness is also 
determined by the investigator’s viewpoint on the influence of practice 

R. Leurquin, “fitude expcrimentale sur l’habilet6 motrice,” L* Annie Psych., 30 (1929), 
pp. 106-43. 

** J. H. Schultz, “L’Orientation professionnelle en Allemagne,” Rev. de la Sci. du Trav., 
1 (1929), pp. 85-107. 

H. Baurmann, “Ein Beitrag zur Frage der individuellen Verschiedcnheiten im Bedienen 
von Werkzeug-maschinen,” Psychol. Z., 3 (1928), pp. 81-99. 

R. H. Seashore, “Individual Differences in Motor Skills,” op. cii., p. 63. 

C. L. Hull, op. cit., p. 201. 
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in modifying and improving inherent ability." The problem, in so far 
as use of tests in selection is concerned, has been well stated by Clap- 
arMe, who points out that it has been assumed, by implication at least, 
that if an individual. A, exhibits an aptitude superior to B (on any 
type of test), he is also more capable of developing that aptitude by 
practice. In other words, the trainability (or educability) of an apti- 
tude is supposed to be a sort of attribute of the aptitude and dependent 
upon its degree or quantity.^^ The use of scores obtained in the single 
application of a test — either of the anal 3 ^ic or analogous t 3 q)e — as- 
sumes that those “persons who make the highest scores will, on the 
whole, retain their high position after training.” 

In contrast with this are the possibilities ( 1 ) that the plasticity of the 
psychophysical apparatus, with respect to any activity, is an inde- 
pendent trait of the individual,*® or (2) that, on the whole, individ- 
uals who are inferior in any ability will profit more from training than 
those who are superior and will, as the result of practice, reach the 
same level of proficiency as the latter. The latter situation would make 
it necessary to observe progress with practice, as recorded in learning 
curves, as the sole criterion in selection. 

In so far as mechanical ability is concerned, the point of view that 
practice favors increasing uniformity has been warmly defended by a 
number of European investigators. Among these is Argelander,®® who 
studied the effect of training upon 6 subjects employing the index finger 
of one hand in typing. This, of course, restricted the typing to small 
letters, since the shift key could not be used. The results show a grow- 
ing convergence of learning curves resulting from a greater improve- 
ment of those starting with low scores as compared with those start- 
ing with higher scores. Similar results in the case of t 3 q)ing are reported 
by Bieneman ** and by Chapman.*® In the case of the latter the im- 
provement in speed of typing words after 20 hours of practice by the 
6 worst subjects amounts to 374 per cent in contrast to the improve- 
ment of 205 per cent on the part of the 6 subjects whose results were 
best at the beginning of the experiment. 

In a later study by Argelander ®® 118 apprentices were required to 
prepare 5 pieces of work. The apprentices were classified into 3 groups 

^^This problem has been treated in general terms in Chapter VII, on the “Origin of 
Individual Differences.” 

E. Claparfede, VOri^ntation professionnette, Geneva, 1922, p. 73. 

S. Myers, On EducabUity, V-e Conference Internationale de Psychotechnique, 
Utrecht, 1928, p. 104. 

F. L. Wells, “The Relation of Practice to Individual Differences,” i4m. 7. Psych., 23 
(1912), pp. 75-88. 

®oA. Argelander, “Beitrage Zur Psychologie der Ubung,” Z. ang. Psych., 19 (1921), 
pp. 1-38; also Z. ang. Psych. 21 (1923), pp. 22S-S8. 

D. Beineman, Recherches sur Vaptitude dactylographiqw en vue de Vorientaiion pro^ 
fessionneUe, Bur. Intern, de Trav., Geneva, 1923, pp. 47. 

J. C. Chapman, “The Learning Curve in Typewriting,” Am. /. Psych., 3 (1919), pp. 
252 ff. 

A. Argelander, “Zur Frage der Ubungsfahigkeit,” Psychot. Z., 3 (1928), pp. 142-147. 
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— ^good (39 cases), average (40 cases) and poor (39 cases) — on the 
basis of speed on the first work problem. Comparisons made after a 
lapse of 5 months revealed a levelling of attainment among the 3 
groups. Of the 39 apprentices who were classified as good (from the 
viewpoint of speed) on the first task, 18 per cent showed a marked in- 
crease in speed with practice and 64 per cent a small increase. Of the 
39 apprentices rated as poor or slow at the beginning, 62 per cent 
showed a marked increase in speed and 10 per cent a restricted im- 
provement in speed of output. Moreover, certain ones of the latter 
group actually surpassed the former at the close of the experiment. 
These findings are supported by results in investigations conducted by 
Roels and van Wijk, Ehinger,®® and others. 

The analysis of the suitability of each type of test — ^and each method 
of testing — involves a comparison of these various techniques in the 
same working situation. A few studies of this kind have been made. 
Among them is an investigation by Gemelli, who bases a preference 
for the analogous test and work samples on experimental findings ob- 
tained in a study involving 35 spinners whose duties consisted of twist- 
ing cotton into a thread, inserting it into a spindle, watching for broken 
threads, and renewing empty bobbins and full spindles.^® A series of 12 
analytic tests, including the Moede Impulsimeter , Whipple Steadiness 
Test, Tapping Test, Bead Threading, test of Reaction Time, etc. were 
given to the workers and results compared with daily production. 
Coefficients range from + 0.07 (Dynamometer) to + 0-^5 (Reaction 
Time) with a median of +0.16. The workers were then given a series 
of 4 analogous tests. On one test each of 20 threads arranged on a 
board had to be passed through a ring and round 2 hooks. On the 
second the subject was required to pass 2 threads through a hook and 
to knot them. On the third test the subject was required to find and 
repair hanks of wool, one in every 10 hanks presented being broken. 
On the fourth the subject had to watch 20 rotating bobbins and, when- 
ever one stopped, to find the cause of stoppage — broken thread, empty 
bobbin, etc. Correlations between scores on these tests and produc- 
tion were (1) + 0.71, (2) + 0.68, (3) + 0.85, and (4) +0.90. 
From these results the author concludes that analogous tests are more 
suitable than analytic tests for measuring aptitude for industrial oc- 
cupations. 

Unfortunately there are a number of weaknesses in technique which 
detract from the value of these findings. The analytic tests used in the 
study were chosen haphazardly — merely because they happen to be 

®*F. Roels and J. van Wijk, Dt invloed der oefening op de oorspronkelijke individueele 
verschillen itn arbeidspretaties, Mededeelingen uit hft psychologisch laboratorium der 
Rijksuniversiteit te Utrecht, 1 (1924), pp. 65 ff. 

«« G. Ehinger, “Recherches sur la d^veloppement de I’habilet^ manuelle par la pratique 
d’ un metier manuelle,” Ar, de Ps.^ 80 (1927), pp. 299-317. 

»8A. (Semelli, “Recherches sur le diagnostic de ITiabiletd motrice,” Rev. de la Sci. du 
Trav., I (1929), pp. 181-196. 
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tests which have been frequently employed in investigations of motor 
skill. No attempt was made to weight individual tests, or to determine 
the value of the entire battery — or of teams of tests — in predicting 
performance on the job. Moreover, a subsequent investigation of 
“lasters” in the shoe industry shows higher correlation between the 
same tests and proficiency (Range + .02 to + 0.39; Median + 0.26) 
than appears in the case of spinners. From these results, it is true, 
Gemelli concludes that analytic tests — selected with due respect for 
^e activities of the job— may be useful in selection, but when the 
choice is between analytic and analogous the latter type is favored. 

As part of the same investigation Gemelli compared the quantity 
and quality of output (as determined from plant records) of 10 
“lasters” at the end of 8 days, 1 month, and 6 months of employment. 
The results, given in Table 24, show progressively increasing coeffi- 
cients with increasing length of service. The investigator also reports 
a tendency on the part of apprentices to reach the same level of pro- 
duction with training.®^ From these results Gemelli concludes that the 
analysis of records obtained during the early period of apprenticeship 
— in other words, the examination of the learning curves — represents 
a sound method of selection which can be applied with smaller prob- 
ability of error than appears when “aptitude tests” are used.®* 

In considering Gemelli’s results and conclusions, it is interesting to 
note that neither production records for 8 days nor those for 1 month 
give satisfactory prediction for quantity and quality of output after 
6 months of service. Significant correlations are obtained only when 
output for 3 months is compared with that of 6 months. Assuming the 
absence of technical defects in the experiment, it is questionable 
whether it is economical and practicable for industry to employ a 
method of selection involving a 3 months’ probationary period as a 
method of selection for semi-skilled jobs. The probable increased cost 
of turnover, spoiled work, etc., entailed in the use of such a selection 
method points to the desirability of more intensive research on analytic 
and analogous types of test which can be given in relatively short pe- 
riods of time. 

The need of further investigation of this kind is also evident from 
an examination of findings cited in Chapter VII, and from evidence 
presented by other investigators such as Hildebrandt,®* Eschowitz,®® 

Approximation of the same level of production after a period in the plant by workers 
who start at different levels is no sure sign of convergence of ability because of the possible 
influence of restriction of output by workers with superior ability. These frequently keep 
output at a lower level, i. e., at the level of the average worker, to avoid reduction in rates. 
For this reason many of the coefficients of correlation between production during early 
and later periods of employment are spurious. See discussion of restriction in output in 
Chapter XXV, and on incentives in learning, Chapter XX, pages 401-07. 

A. Gemdli, op, cit., p. 196. 

®®H. Hildebrandt, “tfbung und Eignungspriifung,” Ind. Psychot., 3 (1926), pp. 96-109. 

N. Eschowitz, “Zur Frage dcr Bewahrung von Handgesdiicklichkeitsprobcn,’' Psychot, 
Z., 2 (1927), pp. 23-26. 
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and Kellner*^ pobiting to the absence of converging levels of per* 
formance with practice in tasks involving manual ability. The latter 
has required a group of workers to reproduce at periodic intervals a 
series of standard work projects involving filing, etc. The workers were 
classified into 3 groups, good, average, and poor, on the basis of first 
performance, and the results of each of these 3 groups plotted sep- 
arately upon the repetition of each task over a period of years. The 
results of this study are illustrated in Figure 25, showing the time 
and number of errors on the filing project for each of the 3 groups. It 
is evident that both the time required to complete the project and the 
number of errors decrease with practice in the case of each of the 
3 groups. However, each group maintains its own level and at the end 
of the sixth repetition and at the close of a 3i year period there is 
still no indication of a tendency toward convergence on the part of 
the 3 groups.®* 


TABLE 24 


Comparison of Quality and Quantity of Output of Ten ‘‘Lasters” 

{After GemeUi) 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Correlation be- .23 
tween output (0.11) 

after 8 days and 
after 6 months 

.12 

(0.19) 

.17 

(0.09) 

.11 

(0.06) 

.07 

(0.14) 

.25 

(0.15) 

J1 

(0.09) 

.12 

(0.09) 

0.6 

(0.11) 

.21 

(0.16) 

Correlation be- .35 
tween output (0.12) 

after 1 month 
and after 6 
months 

.31 

(0.14) 

.27 

(0.07) 

.29 

(0.11) 

.16 

(0.11) 

.28 

(0.07) 

.42 

(0.07) 

.34 

(0.11) 

.21 

(0.11) 

.25 

(0,14) 

Correlation be- .61 
tween output (0.09) 

after 3 months 
and after 6 
months 

.57 

(0.11) 

.36 

(0.07) 

.43 

(0.11) 

.21 

(0.13) 

.66 

(0.09) 

.77 

(0.07) 

.62 

(0.13) 

.24 

(0.11) 

.53 

(0.12) 


* Figures in parentheses represent P. E.*s. 


The problem of educability is complicated by the question of whether 
there is transfer of skill from one activity to another; by possible 
differences in the progress of learning in activities involving accuracy 
as compared with those involving speed; by the effect of tie relative 

H. Kellner, “Neun Jahrc Priiferfahrungen in der Berliner Metallindustrie,” Ind, 
PsychoL, S (1928), pp. 46-47. 

The drop in time and increase in number of errors in October, 1923, is accounted 
for by the fact that the work project at the time of this particular examination was done 
under conditions different from those present at the time of the other examinations. The 
press of work at the time of the October, 1923, examination caused the supervisors to 
urge the workers to fini^ the task as quickly as possible. This resulted in a pronounced 
decrease in time but also brought about an increase in the number of errors. 
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simplicity and complexity of the task; by difficulties in deter^nin^ 
the exact amount of previous practice of each subject; etc.*® It is pos- 
sible, as ClaparMe has pointed out, that the tests usually employed 
in selection will fall into different groups with respect to their relation 
to educability and their suitability for predicting status after training. 
Insofar as this is a problem, every test selected for use must be com- 
pared with performance at work over a long, as well as a short, period of 
time to determine its value in predicting success “in the long run.” 

It is also possible, as Kern*® has recentiy suggested, that initial 
scores on tests of short duration lead to gross errors in the case of the 
individual, although generally satisfactory in selecting the best and 
eliminating the worst, in a group of applicants for employment. This 
is also essentially the viewpoint of Giese ®« and of Poppelreuter.*^ A 
testing instrument which only identifies the extremes of ability is un- 
questionably deficient from the viewpoint of the worker, regardless 
of its value to the employer. Such a deficiency, if it exists, makes it 
necessary to carry the testing operation — on a work sample, an anal- 
ogous, or even an analytic test — beyond the beginning stage to that 
critical point in the learning curve where stability of performance is 
attained.*® However, beyond all of these considerations remains the 
fact, appearing in the studies described in Chapters XIII to XV in- 
clusive, that both analytic tests and analogous tests, used with only 
a single trial — either without or with fore-practice — have in many in- 
stances given eminently satisfactory results in fitting workers to jobs. 
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have been marked by considerable advance in the development of 
tests of temperament and character, there is still place for the warning 
voiced by Bingham concerning the use of the “new and promising fa- 
cilities for measuring personality. Caution is needed for two reasons: 
the low reliability of the individual measures, and the great flexibility 
or modifiability of many personalities. Temperament and habitual emo- 
tional attitude differ in these regards from intelligence, which remains 
roughly constant with the passage of the years. The introvert cannot 
greatly alter his I. Q., but he sometimes outgrows his shyness, sup- 
pressions, his tendencies to reverie, his slowness to act. The extrovert 
may learn to meditate, to be more considerate, to check a natural 
abruptness to action.’^ 

In general, at the moment, measures of temperament and character 
can probably serve better as a basis for the re-education of personality 
in the case of employees already in service than as a criterion in selec- 
tion and placement. At the same time, it is highly probable that ques- 
tionnaires and measures of the type represented by the Thurstone 
Neurotic Inventory; Bernreuter Personality Inventory (page 246); 
the Colgate Personal Inventory; the Allport Ascendance-Submission 
Reaction Study will find their place in determining adequacy of ad- 
justment and in measuring special tendencies such as introversion- 
extroversion, ascendance-submission, in particular industrial situations. 
Attitude measures of the type recently developed by Thurstone and 
Allport and Vernon may be further useful in tapping the attitudes 
of employees and applicants toward personal, social, and economic 
issues. 

There is further promise in the measurement of such qualities as 
industry, trustworthiness, punctuality, etc., in the finding by Hart- 
shorne. May, and Shuttleworth that there is a general integration of 
character so organized that the individual with desirable qualities is, 
in general, consistent, whereas the one with undesirable qualities is 
generally inconsistent."^® In other words, a man who is generally honest is 
consistently honest; that is to say, dependably honest. The man who is 
generally dishonest is inconsistent; he may be honest in one situation and 
dishonest in another. The man with good character acts uniformly and 
consistently with regard to commendable things. The man with low char- 
acter is more a creature of chance and impulse blown about by every 
change of circumstance. This means that the determination that a 
man’s character is high is valuable, for since his conduct is consistent. 
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it is possible to predict with some degree of accuracy what he will do 
in specific situations. knowledge that a man’s character is high 
would be of great importance in employing a bank teller, for it would 
be as good a guarantee as could be obtained that the person is depend- 
able and tends to be more consistently honest, conscientious, thorough, 

THE PERSONALITY INVENTORY 

BY Robert G. Bernr enter 

PUBLISHED BY STANFORD UNIVERSITY PRESS 
STANFORD UNIVERSITY, CALIFORNIA 

The questions on this blank are intended to indicate your interests and at- 
titudes. It is not an intelligence test, nor are there any right or wrong answers. 
In front of each question you will find: “Yes No 

If your answer is “Yes,” draw a circle around the “Yes.” If your answer is 
“No,” draw a circle around the “No.” If you are entirely unable to answer 
either “Yes” or “No” to the question, then draw a circle around the question 
mark. 

1. Yes No ? Does it make you uncomfortable to be “different” or un- 

conventional? 

2. Yes No ? Do you day-dream frequently? 

3. Yes No ? Do you usually work things out for yourself rather than 

get someone to show you? 

4. Yes No ? Have you ever crossed the street to avoid meeting some 

person? 

5. Yes No ? Can you stand criticism without feeling hurt? 

6. Yes No ? Doyouever give money to beggars? 

7. Yes No ? Do you prefer to associate with people who are younger 

than yourself? 

8. Yes No ? Do you often feel just miserable? 

9. Yes No ? Do you dislike finding your way about in strange places? 

10. Yes No ? Are you easily discouraged when the opinions of others 

differ from your own? 

11. Yes No ? Do you try to get your own way even if you have to fight 

for it? 

accurate, and the like in most situations in which he finds himself than 
the average man. On the other hand, knowledge that a man’s char- 
acter is low tells us more than anything else that he is not dependable 
and that one can predict little about his conduct in specific situations. 
He might be honest, and he might not. Probably he would tend to adopt 
the group mores, but would yield somewhat readily to temptation.” 
However, although Hartshorne, May, and Shuttleworth propose two 
batteries of tests to be used in measuring such general integration of 
character, the standardization of such a battery is far from complete. 
Useful tools for the prediction of important character traits on the part 
of applicants for employment are still in a highly experimental stage. 
M. Symonds, op. dt., p. 565. 
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The Measurement of Fear-Reaction 

In individual instances the attempt has been made to devise ob* 
jective tests for the measurement of a specific aspect of temperament 
and character of importance in a given job. The test employed by 
Snow in measuring “fear-time-reaction” of taxicab drivers is an 
example of this kind. Tramm has used frightening stimuli as part 
of a test for the selection of motormen. “To test how a candidate will 
behave in the event of a danger, whether he will lose his wits to the 
extent of letting go the controller handle and brake and passively stand 
by, or whether he will promptly take measures required for the safety 
of his car and passengers, the man is placed before a controller handle, 
and while he is practicing with it he is frightened by a sudden report, 
a short-circuit flash passing before his eyes or the floor 3delding below 
his feet. If he loses his presence of mind in these circumstances, the 
company knows that he should not be intrusted with the care of a 
car. If, on the other hand, he promptly performs such manipulations 
as were recommended to him in the event of anything unforeseen hap- 
pening before his eyes, he is considered to possess the presence of mind 
required for his responsible profession.” 

Lahy has employed the psychogalvonometer in measuring the 
“emotionality” of street car and bus operators. For the selection of sub- 
station operators the author has devised a test of reaction to frighten- 
ing stimuli — electric flash-over, smoke, loud noise, etc. — occurring in 
emergency situations in the substation (Plate II). This test measures 
the disturbance of accuracy in a simple psycho-motor response (that 
of following a pointer in an electrical pursuit meter) as a result of the 
frightening disturbance as well as accuracy and reaction time in switch- 
ing at the moment of the disturbance. 

The Observation of Reaction 

.Recent investigations lend support to the opinion that expert ob- 
servation of the individual’s performance on tests of competency 
is capable of supplying to the experienced observer much valuable in- 
formation on the individual’s temperamental traits.*® Vernon,*' for 
example, criticizes both the validity and apparent objectivity of ques- 
tionnaires, rating scales, and the type of test represented by the 

^®A. J. Snow, Psychology in Business Relations, Chicago, 1925, pp. S24-SS0. 

K. A. Tramm, “Die Bewahning des psychotechnischen Priifverfahren fur Strassen- 
bahnfiihrer,” Ind. Psychot., 1 (1924), p. 36-42. 

A. Gradenowitz, “Psychological Tests for Motormen,” Elec. Rwy. J., 59 (1922), 
p. 144 ff. 

J. M. Lahy, La Selection psychophysiologique des travailleurs, Paris, 1927, pp. 117-129. 

M. S. Viteles, “The Human Factor in Substation Operation,” Pers. J., 8 (1929), 
pp. 81-113. 

C. Burt and others, “A Study in Vocational Guidance,” Ind. Fat. Res. Brd., Report., 
No. 23 (1926), pp. 57-72. 

P. E. Vernon, “Tests of Temperament and Personality,” Brit. /. Psych., 20 (1929), 
pp. 97-119. 
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Downey WiU Temperament Test, and their neglect of qualitative 
aspects of performance as a clue to temperament and character. On 
the basis of an investigation involving observation of reactions of sub- 
jects engaged in taking a series of 11 tests^ he concludes ^at such 
traits as the aesthetic tendencies of the individual, suggestibility, ^r- 
sistence, etc., can be accurately graded as a result of such observation. 
The application of this method, as has been pointed out by Fejgin- 
Garstenteyg,®2 involves a notation of all details of the subject's con- 
duct by the examiner. From this the attempt is made not only to draw 
conclusions on the results of individual tests but to arrive at a picture 
of the personality trends of the individual as an organic unit. The im- 
portance of clinical observation of performance will be discussed again 
in the section of this chapter dealing with the administration of psycho- 
logical tests. 


The Measurement of Interest 

Acceptance or rejection of the activities of the job and the feeling of 
pleasantness or unpleasantness aroused thereby represent important 
factors in vocational adjustment.®’ The most promising objective ap- 
proach to the measurement of interests for purposes of selection ap- 
pears to be in the use of interest inventories of the kind developed by 
the Carnegie group — including Moore, Miner, Ream, Freyd, and others 
— under the direction of C. S. Yoakum.®* These find their latest expres- 
sion in the general inventories standardized by Cowdery,®® Strong,®® 
and Manson.®^ (See illustration on page 250.) Cowdery’s interest 
blank, for example, uses 263 items including 84 occupations, 78 types of 
people, 34 sports and amusements, 6 kinds of pets, 13 kinds of readings, 
23 miscellaneous activities, and 25 school subjects. In Strong’s inven- 
tory are included 100 occupations, 54 amusements, 39 school subjects, 
52 activities, 53 peculiarities of people, 40 order of preference of activ- 
ities, 42 comparison of interest, and 40 ratings of present abilities and 
characteristics. On each item the subject is required to give an ex- 
pression of liking, indifference, or dislike. 

•* L. Fejgin-Garstenteyg, Certaines Manifestations du CaracUre et du Temperdment 
dans les Epreuves psychotechniques, V-e Conference International de Psychotechnique, 
Utrecht, 1928, p. 11. 

See Chapter VIII, pages 137-41. 

B. V. Moore, “Personnel Selection of Graduate Engineers,” Psych. Mono., No. 138, 
(1921), pp. 8S; J. B. Miner, “An Aid to the Analysis of Vocational Interests,” J. Ed. Res., 
S U922), pp. 311-323; M. J, Ream, Ability to Sell: Its Relation to Certain Aspects of 
Personality and Experience, Baltimore, 1924, pp. 64; M. Freyd, “The Personality of the 
Socially and Mechanically Inclined,” Psych, Mono., No. 151 (1924), pp. 101; D. Fryer, 
Measurement of Interests, New York, 1931, pp. 488. 

®® K. M. Cowdery, “Measurement of Professional Attitudes, Differences Between Law- 
yers, Physicians and Engineers,” J. Pers. Res., S (1926-27), pp. 131-141. 

*® E. K. Strong, Jr., “An Interest Test for Personnel Managers,” J. Pers. Res., S (1926- 
2^)» PP* 194-203; “Diagnostic Value of the Vocational Interest Test,” Bduc. Rev., 10 
(1929), pp. 59-68. 

®^ G. £. Manson, “Occupational Interests and Personality Requirements of Women in 
Business and the Professions,” Mich. Bus. Studies, No. 3 (1921), pp. 281-409. 
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In the case of the Strcmg interest inventory an examination of suc- 
cessful men in approximately 20 occupations is made the basis for 
weighting each item so as to make possible a comparison between the 
likes and dislikes of a subject with those of successful men in ^ese 
particular occupations.^* 

Manson provides keys for distinguishing the interest of women in 10 
occupations, viz: private secretary, ofice manager, bookkeeper, stenog- 
rapher, office clerk, high school teacher, grade school teacher, trained 
nurse, retail saleswoman, sales proprietor. 

The interest inventory seems the most promising method for gan gin g 
interest because of its objectivity, by reason of the uniformity of condi- 
tions of application, and because more satisfactory standards are avail- 
able for this particular type of interest test than for any other which has 
been used. At the same time, the usefulness of this technique is limited by 
the fact that in the case of men, at least, scoring keys are available for 
only a few occupations below the professional level. Strong’s inventory 
can be scored for general office worker, vacuum cleaner salesman, life 
insurance salesman, and for one or two other occupations of a non- 
supervisory or technical nature. These levels are also represented in 
Manson’s inventory, but as far as industry is concerned, the scoring 
keys for lawyer, doctor, high school teacher, and similar occupations 
are not particularly useful. The value of the interest inventory is 
further limited by the fact that although it is p>ossible to dis ting uish 
between the “mechanically” and “socially inclined,” and although one 
occupational group can be distinguished from several others, interest 
in a single occupation can not be distinguished from that in any other 
with a degree of accuracy valuable for practical purposes.'^'^ More- 
over, in the case of none of the interest inventories has the exact rela- 
tionship between score and achievement and adjustment on the job 
been satisfactorily established. 

(7) THE VALIDATION OF THE TESTS 

From the viewpoint of ultimate usefulness, one of the most important 
steps in the research program for the development of tests is the de- 
termination of whether the test or battery of tests actually taps qualities 
of importance in success on the job, and whether it can be used in pre- 
dicting such success. This involves a comparison between test score 
and proficiency on the job as represented in the criteria. If this com- 

E. K. Strong, “Procedure for Scoring an Interest Test, Psych, Clin,, 19^(1930), 
pp. 63-72. 

M. Freyd, op, cU,; R. M. Hubbard, “Interests Studied Quantatively,” /. Pers. Res., 
4 (1926), pp. 365-378. 

Thurstone has recently demonstrated that in 18 professions for which keys are 
available on the Strong interest blank, interest can be fairly well accounted for by 
postulating only 4 general factors: (1) interest in science, (2) interest in language, (3) 
interest in people, and (4) interest in business. (L. L. Thurstone, “A Multiple Factor Study 
of Vocational Interests,” Pers. Jour., 10 (1931), pp. 198-205.) 
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VOCATIONAL INTEREST BLANK 
BY Edward K, Strong, Jr. 


PROFESSOR OF PSYCHOLOGY, STANFORD UNIVERSITY 

Copyright 1927 by Stanford University Press, Publishers 

It is possible with a fair degree of accuracy to determine by this test whether 
one would like certain occupations or not. The test is not one of intelligence or 
school work. It measures the extent to which one’s interests agree or disagree 
with those of successful men in a given profession. 

Your responses will, of course, be held strictly confidential. 

Parts Ia and Ib. Occupations. Indicate after each occupation listed below 
whether you would like that kind of work or not. Disregard considerations of 
salary, social standing, future advancement, etc. Consider only whether you 
would like to do what is involved in the occupation. 

Draw a circle around L if you like that kind of work. 

Draw a circle around I if you are indifferent to that kind of work. 

Draw a circle around D if you dislike that kind of work. 

Work rapidly. Your first impressions are desired here. Answer all the items. 
Many of the seemingly trivial and irrelevant items are very useful in diagnosing 
your real attitude. 

Actor (not movie) 

Advertiser 

Architect 

Army Officer 

Artist 

Astronomer 

Athletic Director 

Auctioneer 

Author of novel 

Author of technical book 
Auto Salesman 


LID Lawyer, Criminal L I D 

LID Lawyer, Corporation ... L I D 

LID Librarian L I D 

LID Life Insurance Salesman LID 
LID Locomotive Engineer ... L I D 

LID Machinist L I D 

LID Magazine Writer L I D 

LID Manufacturer L I D 

LID Marine Engineer L I D 

LID Mechanical Engineer ... L I D 

LID Mining Superintendent .LID 


Part II. Amusements. Indicate in 
the same manner as in Part I whether 
you like the following or not. If in 
doubt, consider your most frequent 
attitude. Work rapidly. Do not think 
over various possibilities. Record your 
first impression. 


Golf L I D 

Fishing L I D 

Hunting L I D 

Tennis L I D 

Driving an automobile ..LID 

Taking long walks L I D 

Boxing L I D 

Checkers L I D 

Chess L I D 


Part III. School Subjects. Indicate 
as in Part II your interest when in 
school. 


Algebra 

. L 

I 

D 

Agriculture 

. L 

I 

D 

Arithmetic 

. L 

I 

D 

Art 

. L 

I 

D 

Bible Study 

. L 

I 

D 

Bookkeeping 

. L 

I 

D 

Botany 

. L 

I 

D 

Calculus 

. L 

I 

D 

Chemistry 

. L 

I 

D 

Civics 

. L 

I 

D 

Dramatics 

. L 

I 

D 

Economics 

. L 

I 

D 

English Composition . . . 

. L 

I 

D 



251 


PSYCHOLOGICAL TESTS 

parison reveals satisfactory relationship between test scores and success 
on the job, the tests can then be described as valid for selection pur* 
pose. The validation of tests involves the application of refined 
statistical techniques which will not be discussed in this volume.*^ 
However, the author must again emphasize the fact that no investiga- 
tion in this field can be undertaken by one unfamiliar with statistical 
methods. Such familiarity means not merely a knowledge of statistical 
methods but a very complete knowledge of their limitations and of the 
scope of application of final figures obtained through their use. As 
Myers has pointed out, “nothing is more important Aan that the ex- 
perimental psychologist should be well grounded in the theory and 
practice of statisticsd measurement. But at the same time nothing is 
more important than that he should know when and how to use this 
statistical knowledge and skill, employing them not merely mechanically 
and mathematically but with due regard to psychological considera- 
tions.” 


Procedures in Validation 

The comparison of average scores of groups of workers at varying 
levels of proficiency represents one simple technique for the evaluation 
of tests. In applying this procedure the experimental group may be 
divided into good, average, and poor workers, on the basis of the 
criteria, and a comparison made of average scores of these groups. 
Other classifications of job achievement may be used, such as Best 20 
per cent. Middle 60 per cent, and Poorest 20 per cent, but the funda- 
mental principle remains the same — that superior groups of workers 
must be differentiated from inferior groups by average test scores. The 
results of such an analysis may be presented graphically, as in Figure 
26, showing the average score on a single item of a trade test of novices 
(N), apprentices (A), journeymen (J), and experts (E); as in Figure 
29, showing the average score on a battery of tests of best, average, and 
POOREST substation operators, or in other ways. The application of this 
method invariably involves the use of statistical techniques for deter- 
mining the significance of differences between groups. 

Percentage comparison represents another valuable technique in 
test valuation that may be used separately or in combination with other 
procedures. This method involves the determination of the percentage 
of individuals scoring above or below certain critical scores.^^ The use 
of this procedure may show, for example, that of individuals scoring 
below 28 on a certain test, 85 per cent failed to succeed on the job and 
IS per cent were successful in terms of the accepted criterion, whereas, 
among those scoring above 28, 74 per cent succeeded and only 26 per 

For a discussion of these statistical techniques see references cited in footnote 4, 
page 202. 

S. Myers, *Tsychological Cautions in the Use of Statistics,” Z. Aug. Psych., 36 
(1930), p. 86. 

** See page 254. 
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cent faOed.'* This method is particularly useful where the investigator 
is primarily interested in the elimination of the poor workers or in t^ 
selection of the best workers, and is not so much interested in the 
excellence of differentiation at the other extreme of test scores or in 
the middle range. Percentage comparisons are especially helpful in 
showing how well predictions can be made at some particular part of 
the totd range of test scores. 

One measure of the value of selection tests is the degree of resem- 
blance between the order of test scores of a group of workers and the 



Fiouse 26. Average Scores of Novices, Apprentices, Journeymen and Experts 
on Trade Test Item 

{After Chapman) 

order of their proficiency on the job. The degree of such resemblance is 
expressed in the coefficient of correlation, and the statistical method of 
correlation has, for this reason, become one of the most frequently ap- 
plied techniques in the validation of all kinds of selection tests. As- 
suming that the sampling of workers is statistically adequate, and that 
certain other conditions are satisfied, a high correlation represents 
closer agreement between scores and the working proficiency of in- 
dividuals in the experimental group than the low correlation. For this 
reason, tests showing a high correlation 'with criteria can be used with 
a higher degree of accuracy in predicting success on the job than those 
which exhibit a mediocre or low correlation. As indicated in an earlier 
chapter, if the coefficient of correlation is 1 .00 the relation between test 
score and performance is perfect. This means that the individual who 
is highest in the test will invariably be highest in working efficiency and 
that the order of working efficiency coincides exactly with the order 
of psychological test scores. If the correlation is 0.00 prediction will be 

A. W. Kornhauaer and F. A. Kingsbury, op. at., p. 72. 
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no better than a pure chance guess.*® Correlation between 0.00 and 1.00 
represent predictions better than pure guess. The exact forecasting 
efficiency value of a coefficient between 0.00 and 1.00 may be ex* 
pressed in the terms of the percentage better than chance prediction 
represented in such a coefficient. The forecasting efficiency of coefficient 
of correlation expressed in these terms is shown on page 88. 

It is extremely interesting and important to note that with a co- 
efficient of, for example, .70, forecasting efficiency is no more than 
30 per cent better than chance. The fact that in the case of the majority 
of test batteries employed in industry the coefficient of correlation 
actually falls below this figure may suggest that there is little reason 
for going through the laborious and sometimes expensive procedure 
of preparing and standardizing selection tests. When it is recalled, 
however, that many of the traditional methods of the Employment Office 
give results that are no better than chance,*® there is some encourage- 
ment in the even slightly better chances for improved selection given 
by a coefficient of .50 (13 per cent better than chance). The cost of a 
single accident in street car operation is often more than the total 
cost of installation and operation for one year of a selection procedure 
which serves to eliminate at least a proportion of the “accident- 
prone” drivers hired when only traditional techniques are used in 
selection. 

In the final analysis, the value of tests lies in the total improve- 
ment in the form of reduced costs and better adjustment effected in 
the organization through their use. This depends in part upon the predic- 
tive value of the tests as expressed in a coefficient of correlation and 
partly upon the skill in administration of tests and in interpretation of 
results by a competent psychologist. Be that as it may, in so far as the co- 
efficient of correlation itself is concerned, the classification suggested 
by Hull seems to give a fair picture of forecasting efficiency, assuming, 
of course, that the coefficient is more than 4 times its probable error; 
that raw data is reliable; etc., etc. 

“Below .45 or 50, practically useless for differential prognosis. 

From .50 to .60, of some value. 

From .60 to .70, of considerable value. 

From .70 to .80, of decided value but rarely found. 

Above .80, not obtained by present methods.” *'' 

Other techniques for validation will be illustrated in the discussion of 
investigations cited in Chapters XIII to XV inclusive. 

The Development of Norms 

As a preliminary to the use of a test, standards or norms must be 
established by which to interpret individual scores. This process is 


»» Ibid., pp. 70-71. 

** See Chapter X. 

•T C. L. HuU, op. at., p. 276. 
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sometimes referred to as calibration. The simplest procedure is to 
tablish, on the basis of experimental findings, a critical score. This is 
generally a value which separates those who are to be rejected from 
those who are to be hired. In some instances, an upper and a lower 
critical score may be established, the first to keep out incompetent 
workers, and the second to eliminate those who, because ability is 
superior to the job, tend to leave. The critical score is most frequently 
obtained by plotting results and by a process of “trial and error,” select- 



Figure 27. Test Scores of 57 Department Store Cashiers 
{After Viteles) 


ing that score which most clearly distinguishes between satisfactory and 
unsatisfactory workers. This procedure is illustrated in Figure 27,®* 
showing the distribution of test scores of 57 department store cashiers. 
In this case the critical score was set at 30. Of barely satisfactory 
workers 69.2 per cent have scores below this figure. Of satisfactory and 
very satisfactory cashiers only 1 1.2 per cent fall below the critical score. 

The choice of critical score depends upon factors other than the 
predictive value of a given score. It may be found, for example, that 
with a given critical score, the chances are extremely good that none of 
those hired will fail on the job. However, if 90 per cent of the appli- 
cants are rejected on this basis, and Uie labor supply is meagre, the 
score will not be workable. In practice the critical score is generally 
that which permits the acceptance of the largest possible percentage 
of satisfactory applicants and the rejection of the largest possible per- 
centage of unsatisfactory applicants within the limits determined by 
the available supply of labor. For this reason, in hiring, the critical 
score, within certain limits, is frequently set at a higher point when 
labor is plentiful than when it is scarce. 

** M. S. Viteles, “Selecting Cashiers and Predicting Length of Service,” J. Pers. Res,, 
2 (1924), pp. 467-473. 
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In addition to critical scores, a series of standards or norms may be 
specified. A total range of scores may, for example, be divided into S 
groups ** — from “very good” to “very poor.” DecUe scores, which 
specify whether the applicant is in the lowest tenth, or third lowest 
tenth, etc., in comparison with the experimental group may be used. 
Upon occasion it may even be desirable to use a percentile score, which 
makes it possible to determine the percentage of those on the job ob- 
taining scores higher or lower than that obtained by the applicant. 

Other methods are available — their use depending upon the condi- 
tions of the study. Regardless of the method employed in establishing 
norms, or standards of employment, the one guiding principle must be 
that they are subject to change as preliminary results are repeatedly 
followed-up and checked to determine how well the established norms 
work in practice. 


Measuring Reliability 

One measure of a satisfactory test, and of every other selection de- 
vice, is its reliability. To be reliable a test or battery of tests must be 
a consistent measure of the relative ability of the members of a group. 
On a repetition of the test each individueil in a group should maintain a 
position varying little from his rank in the first application of the' test. 
Reliability can be determined either by means of a second repetition or 
by statistical techniques involving a correlation of the even and odd 
numbered halves of a test, by the correlation of alternate forms, etc. 
Reliability is expressed in terms of the coefficient of correlation. The 
minimal reliability necessary for use varies considerably with circum- 
stances. According to Freeman “it is a matter of judgment as to how 
high a reliability coefficient must be in order that the test may be re- 
garded as satisfactory. Certainly, a coefficient as low at 0.50 represents 
little reliability. Perhaps we may say that 0.70 is the lower permissible 
limit of such a coefficient. Anything below this means that the test gives 
very variable results when repeated. We may, however, consider this as 
fairly satisfactory.” According to Garrett, “to be a reliable measure 
of capacity, a mental or physical test should — generally speaking — 
have a minimum reliability coefficient of at least .80.” Others insist 
on a reliability above .85 and still others upon a minimum of .90. Al- 
though it is common practice to insist upon reliability coefficients, there 
has recently developed a somewhat critical attitude with respect to their 
continued use. However, this particular controversy and othet^ “dan- 
gers which arise in the routine mechanical application of statistical 
methods to psychological problems” cannot be considered here. 

•• A. W. Kornhauser and F. A. Kingsbury, op, cit., pp. 74-75. 

loop. N. Freeman, Menial Tests, Boston, 1926, p. 72. 

looa H. £. Garrett, Statistics in Psychology and Education, New York, 1926, p. 269. 

C. S. Myers, op, cit,, pp. 82-63. 
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(8) ADMINISIKATIOM OF SELECTION TESTS 

The results to be obtained from the use of tests depends in part upon 
conditions of administration, since “the value of tests is determined by 
the way they are used as well as by the merits of the tests them- 
selves.” Suitable examination quarters must be provided. Provi- 
sions must be made for scheduling applicants to permit the most eco- 
nomical use of the tests, and procedures established for dovetailing the 
psychological examination with the other functions of the employment 
ofhce, so as to make the most effective use of test data in combination 
with other information obtained on the application blank, during the 
interview, etc. Instruction manuals, procedures for scoring individual 
tests and for weighting the tests in a battery must be provided so that 
absolutely uniform conditions may be maintained in the administration 
and scoring of the tests. Forms for recording results and files which 
permit ready analysis of results must be prepared. Arrangements must 
be made for a frequent follow-up of testing procedures as a means of 
improving forecasting efficiency and of studying the gain in efficiency 
and adjustment in comparison with operating costs. 

The Qualitative Analysis of Test Performance 

Of equal importance in the successful administration of a testing pro- 
gram is the employment of an examiner capable of supplementing test 
scores with qualitative analysis of performance as an aid in gauging 
individual fitness for work. The development of self-administering tests 
and automatic recording devices, the wide dissemination of informa- 
tion concerning tests among laymen, have tended to create the impres- 
sion that the administration of the test is a highly routine matter that 
can be placed in the hands of a relatively untrained person. This 
procedure finds support in the viewpoint expressed by Freyd that “it 
requires more training to conduct an experiment in vocational tests than 
to administer the tests. An economy of effort will result if the experi- 
menter assigns the task of administering the tests to another. He 
should insist on the selection of a tester who is fairly intelligent, polite 
and tactful, and favorably inclined toward the theory of tests and 
scientific method in general.” Politeness and tact are essential qual- 
ities in an examiner, but they cannot completely replace the diagnostic 
skill which must be applied in the interpretation of objective scores in 
order to make the most effective use of testing devices. The orientation 
in Freyd’s position is a statistical one, which contends that “the test 
score in the practical situation is always the known variable and from 
it the probable degree of vocational success may be predicted on the 
basis of the known relationship of test scores and degrees of vocational 
success. Evaluation of the tests consists (exclusively) in the compari- 

10* A. W, Kornhauser and F. A. Kingsbury, op. cit., p. 162. 

108 Freyd, “Measurement in Vocational Selection,” J. Pers. Res., 2 (1923-1924), p. 377, 
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son of two series of measurements made of the subjects of the ex- 
periment, the test scores and the criterion of success.” 

The technical defects of the statistical approach have been briefly 
considered in the cautions on the use of statistical techniques included 
in the discussion of test validation. The, experience of the clinical 
psychologist in examining children and adults for educational purposes, 
for correctional and vocational guidance has served further to reveal the 
weaknesses of the purely statistical approach in vocational selection. 
In such cases it has been found impossible to diagnose and treat on 
the basis of objective test scores alone.*®* It has been discovered that 
there is a qualitative aspect of mental analysis which goes hand in 
hand with quantitative analysis — that the objective data of mental 
measurement must be supplemented with the observation and analysis 
of performance. As Maxfleld has pointed out, “in the use of standardized 
mental tests subjective judgments of the experienced examiner in regard 
to the qualitative aspect of the subject’s reactions, whether verbal re- 
sponses or other types of behavior, are significant.” *®® 

Likewise in industry it must be recognized that the competency of 
the applicant for a great many jobs, perhaps even for a majority of 
them, cannot be wholly predicted from an objective score any more 
than the ability of a child to profit from one or another kind of educa- 
tional treatment can be wholly gauged from such a score. There is no 
reason for suspecting that the capacity of an individual motorman to 
avoid accidents, or of a printer’s apprentice to profit from instruction 
in this trade can be expressed in an objective score, as easily interpreted 
by a minor clerk as by a trained psychologist, than for suspecting that 
the mental status of a child is revealed in the I. Q. which can be ob- 
tained by any teacher who owns a copy of Terman’s “Condensed 
Guide” and a set of testing material. The one problem is as compli- 
cated as the other; the objective score in one case has in it as many 
elements of error as in the other; and an adequate diagnosis in both 
involves interpretation by a trained psychologist based on observation 
of performance and a consideration of related data. 

The character of such an analysis is illustrated in Figure 28, show- 
ing the qualitative study of performance on an early model of the 
Viteles Motorman Selection Test. In the application of the electrical sub- 
station operator tests described in Chapter XIII a great deal of atten- 
tion is paid to the shape of the test profile, as well as to the objective 
score. It has been discovered, for example, that regardless of the objec- 
tive total test score, operators whose paper test scores (Series 'A) are 
higher than their performance scores (Series B) are generally less satis- 

^0*lbid., p. 272. 

10® M. S. Viteles, “The Clinical Viewpoint in Vocational Psychology,^’ 7. App. Psych., 
^ (192S), pp. 131-138. 

100 F. N. Maxfleld, “The Use and Abuse of Standard Intelligence Tests in Individual 
Examinations,” Proceedings 48th Annual Session jor the Study of the Feeble-minded, 
1924. 
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factory workers. In addition, an analysis of the regularity and irregular* 
ity of the profile has suggested that there exists a definite relationsUp 
between the degree of irregularity of the profile and the performance and 
general stability of the operator.*®^ 

Recent years have witnessed a growing emphasis upon the qualitative 
analysis of test performance. The present tendency is evident in the 

























Cons 

iS+ently V 

igh 












I n III Tv I n ill iv 

Figuke 28. Analysis of Motormen Test Records 
{After Shellow) 


long and detailed schedules prepared by Baumgarten,*®* for recording 
observations made in the course of the .psychological examinations of 
workers. The social implications of a purely statistical orientation have 
been well stated by Young, who condemns the exclusive concern with 
statistical and quantitative classification as “part and parcel of the 
general trend toward mechanization and standardization of life, conse- 
quent upon the application of science to human endeavor, in industry. 

See Figure 10b. 

1®® F. Baumgarten^ ^'Feuille pour I’Enregistrement des Observations sur la Conduite dif 
Sujet pendant I’Examen psychoteebnique,” VI a Conferencia InternacionaX de Psicotecnica^ 
Barcelona, 1930, pp. 225-230; ‘*Merkblatt fur Deutung des Verhaltens der Priiflinge 
w&hrend der Arbeitsprobe,” Psychol. Z., S (1930), pp. 115-11 9. 
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in education, in the military. It is an inevitable effect,” he writes, “of 
a materialistic civilization. In this mad rush for mass production, be 
it in the classroom product or in business enterprise, the trend is ever 
and anon toward those values which are expressible in quantitative 
units. We are rapidly losing our older notions of quality, of calm and 
divergently integrated personalities. If the older laboratory psychology 
produced a psy^ologic man which had no individuality, the statistu^ 
treatment of him in terms of I. Q. and score, buttressed by averages of 
correlation quotients, tends to make man a psychological robot with no 
emotion, no quality, no personality.” In contrast with this statistical 
viewpoint is the newer, clinical viewpoint, which emphasizes not the 
score, but the individual; not the selection of a group of workers, but 
the placement of the individual, with the objective of promoting his 
efficiency and his adjustment in the industrial situation. 

Young, “The History of Mental Testing,” Fed, Sem., 31 (1924), p. 48. 



XIII. TESTS FOR SKILLED AND SEMI- 
SKILLED WORKERS 


INTRODUCTION 

In this and the two chapters which follow will be briefly described 
the methods of a jew typical projects involving the use of tests in the 
selection of workers. These chapters do not pretend to give a complete 
picture of the present status of testing in industry.^ There will be no 
reference to many jobs on which investigations have been carried out. 
Few of the studies included in these chapters will be described in de- 
tail. Their object is to present a sampling of investigations in a few 
occupational fields in order to give the reader an appreciation of 
methods and results. However, in order to round out the discussion on 
research procedures in testing included in Chapters XI and XII, one 
study, involving the selection of semi-skilled workers, will be described 
in detail. This investigation, conducted by the author, is concerned with 
the development and follow-up of a battery of tests used in the place- 
ment of electrical substation operators. 

SPECIFICATIONS AND TESTS FOR ELECTRICAL SUBSTATION OPERATORS 
PHILADELPHIA ELECTRIC COMPANY “ 

Economy in the distribution of electric current involves generation 
and transmission at high voltages which are reduced at electrical sub- 
stations prior to the delivery of current to the consumer. The substation 
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is supplied with a number of lines over which current is received from 
generating stations and a greater number of circuits over which cur- 
rent (at a lower voltage) is transferred directly to individual consumers 
or to equipment through which a number of consumers are served. A 
great variety of equipment for transforming and regulating voltages, a 
great number of recording meters, relaying and other protective de- 
vices, rotative equipment, etc., are tied in with these lines and circuits. 
The operation of this equipment involves the manipulation of numerous 
switches. The manipulation of these switches, the reading of meters, 
and the care of the station and its equipment in such a manner as to 
provide regular and uninterrupted service to the consumer represent 
the chief duties of the electrical substation operator.® 

The chief responsibility of the operator is to avoid errors in switch- 
ing. The consequence of such an error may be very serious. The un- 
expected failure of lights or power equipment, in a hospital, particu- 
larly if an operation is being performed at the time, may be disastrous. 
There are industrial operations in which even a momentary interrup- 
tion may cause serious damage to material in the process of manu- 
facture. So, for example, in the manufacture of rayon the failure of the 
supply of power to machines causes a break in the manufacturing 
process involving considerable loss to the manufacturing concern. In 
an ice plant the entire product in operation at the moment — at times a 
hundred tons — ^will become practically worthless if the current is shut 
off for a few minutes. The entire load of a grain elevator may be dumped 
upon the operating motor if the current is interrupted for even a frac- 
tion of a minute. In addition to such inconveniences and losses, and 
possible damage to very expensive equipment in the substation itself, 
there may be more serious consequences of an operating error in the 
form of injury to the operator or actual loss of life. This is especially 
apt to be the case when the man undertakes to handle, as “dead,” equip- 
ment which is actually alive. Mechanical and electrical safeguards 
against such occurrences are provided, but these cannot completely 
take the place of human control exercised by an operator, physically 
and mentally competent, and prepared by suitable training to handle 
the job. 

Inaccuracy in operation can in part be avoided through suitable 
training. In recognition of this, in the Philadelphia Electric Company 
prospective operators are hired as assistant operators and given tech- 
nical training in substation operating practices and in electrical theory. 
Each employee is required to spend a year as an assistant (^erator 
before he is promoted to the rank of operator and entrusted with the 
operation of the substation. However, in spite of similarities of training, 

* The physical conditions under which he works and the character of the modern switch- 
board which the substation operator controls in providing regular and uninterrupted 
service can be seen Irorn the picture of a portion of a typical electrical substation shown 
on Plate II. 
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certain operators have been found to be more reliable, that is, less sus- 
ceptible to errors, than others. This suggested to the Superintendent of 
Substations of the Philadelphia Electric Company that there may exist 
a predisposition toward error which could be determined prior to em- 
ployment — ^that it might be possible to set up specifications and to 
devise tests to determine before emplo 3 mient whether an applicant 
would prove thoroughly reliable as an operator. In accordance with 
this thought, in March, 1927, the author undertook to analyze the occu- 
pation of substation operator and to prepare tests for the selection of 
competent operators. The investigation was originally oriented as a 
problem in selection, but there have been valuable by-products in the 
systematization of training and in the development of follow-up 
methods, etc. which will not be reported upon in tMs chapter. 

The Analysis of Substation Operation and Qualifications of the Sub- 
station Operator 

The hrst step in this investigation took the form of determining the 
abilities necessary for successful accomplishment in the work of sub- 
station operation. Several methods were used in studying the mental 
requirements of the job. In the first place, an assistant was placed in the 
substations for a period of approximately three months, performing 
the work of an assistant substation operator and receiving intensive 
training in substation operation. Secondly, the author spent considerable 
time, over a period of four months, in visiting various types of sub- 
stations and in closely observing and analyzing the work of substation 
operators. In addition, supervisors and others were asked to prepare 
“job psychographs” or descriptions of the various requirements of the 
job in accordance with the procedure which the author has described 
elsewhere.* 

The analysis of the duties and mental requirements of substation 
operators under normal conditions showed that the following abilities 
are necessary for satisfactory operation. It is these abilities which 
largely determine the individual’s proneness to error in switching under 
normal conditions and which must be measured in selecting operators 
least liable to such errors. 

a. Ability to learn and to recall in proper order the complex series 
of switching operations with which the operator must be familiar. 

b. Accuracy in following directions and in employing knowledge of 
substation operation in switching and blocking. 

c. Ability to comprehend readily instructions given either verbally 
or in writing. 

d. Persistence in keeping at a problem until it has been solved, or 
until the operator has satisfactory reason for believing that the 
problem cannot be solved by methods at his disposal. 

* See Chapter IX, pagca 147-53. 
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e. Judgment and analysis in solving a new problem, e. g., in locating 
and remedying trouble. 

f. Ability to give co-ordinated attention to a number of different 
operations or things at the same time; to spread attention over the 
details of a blue print, over the correct switching handle, ammeters, 
etc. 

g. Ability to carry in mind the location of equipment in substations 
and an image of wiring arrangements, etc. 

In the case of emergency conditions the outstanding qualities making 
it possible to continue safe and accurate operation seem to be tempera- 
mental in character. For accurate operation in emergen^ conditions 
the operator must be capable of resisting fear. In substation operation 
the effect of fear is generally displayed in 2 in immediate loss of accuracy, 
in increase of the time taken to clear up trouble, and in a general loss 
of certainty and reliability which may extend over a considerable period 
of time following the appearance of the disturbing stimulus. Such a 
change may occur even in the case of operators who have demonstrated 
their ability to operate satisfactorily under normal conditions. It there- 
fore seemed necessary, in the development of tests for the selection of 
substation operators, to provide distinct instruments for the me^ure- 
ment of fear resistance and the associated temperamental traits which 
play a dominant rdle in determining response under emergency condi- 
tions. 


The Make-up of the Test Series 

Subsequent to the analysis of the work of the substation operator, and 
the development of the criteria described below, tests were prepared to 
measure the mental abilities and temperamental traits necessary for 
safe and accurate substation operation under all conditions. The tests 
finally selected for use as valid instruments in the selection of compe- 
tent operators are divided into three series. 

Series A includes five tests of the paper and pencil type: 

1. Pursuit Test. 

2. Blocks B. 

3. Blocks A. 

4. Location Test. 

5. Series Completion Test. 

Tests 1, 2, and 4 in Series A are adaptations of tests of the same name 
embodied in the McQuarrie Tests of Mechanical Aptitude. Tests 3 and 
S are adapted from Army Beta. 

Series B consists of the following four performance tests: 
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1. Healy Puzzle Box.^ 

2. Direction Test, a test designed by the writer for the purpose of 
measuring individual differences in the ability to comprehend 
readily, and to follow accurately, instructions given either verb- 
ally or in writing. It involves a series of 24 orders for the manip- 
ulation of the switch panels and boxes which make up the test. 
(Plate II.) 

3. Learning Test, an adaptation, both in design and administrative 
procedure of the Langfeld series reaction apparatus, used hitherto 
in laboratory experiments, but employed for the first time, in so 
far as the writer is aware, in an industrial investigation. It is used 
as a test of the ability to learn and recall in proper order the com- 
plex series of switching operations with which the substation op- 
erator must be familiar. 

4. Persistence Test.^ 

The tests in Series A and Series B are used to measure predisposition 
to work satisfactorily under normal operating conditions. Tables have 
been prepared for transmuting the scores on the individual tests so that 
each is given equal weight in a Total Test Score embodying performance 
on all of the tests in Series A and B. Reference will be made to this 
Total Test Score in describing the validation of these tests. The reli- 
ability of the series as determined from a re-examination of 18 assistant 
operators, approximately 10 months after the first examination, is 
+ 0.79. 

Series C includes one test, known as the Switching Control Test 
(Plate II), designed by the author in co-operation with various mem- 
bers of the organization for the purpose of measuring the capacity to 
maintain safe and accurate operation under emergency conditions."^ 
The validation of Series C (Switching Control Test) has not yet been 
completed and no report of such validation will be included in this 
chapter. The test is here described as a matter of interest in connection 
with the development of the program for testing substation operators. 
However, it may be in place to state that the preliminary evidence so 
far obtained favors the validity of the test as a measure of proneness 
to unreliability in an emergency. 

Validation of the Tests 

(a) Selection of Criteria 

As a preliminary to their adoption as employment instruments, the 
validity of the tests as measures of predisposition to error was examined 

® A. F. Bronner, W. Healy, G. M. Lowe, M. E. Shimberg, A Manual of Mental and Phy- 
sical Tests, Boston, 1927, p. 103. 

•J. J. B. Morgan and H. L. Hull, “The Measurement of Persistence,” 7. App. Psy., 
10 (1926), pp. 180-187. 

T The average time taken for the examination on Series A and Series B is approximately 
two and a half hours. Another half hour is required for Series C. (SwitcMng Control 
Test.) 
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by a comparison of test scores with the operating records of an experi- 
mental group including 84 operators, each one of whom had bera work* 
ing as an operator for not less than 1 year and not more than 10 years. 

As the first step in this comparison of test scores and operating ef- 
ficiency these operators were divided into three groups designated as 
Best, Average, and Poorest, respectively. A group of 13 men, including 
7 load dispatchers and 6 members of the supervisory force of the Sub- 
station Section, all of whom were in close contact with the operators, 
were asked to co-operate in classifying them. Each of these men was 
given a sheet listing the names of the operators included in the ex- 
perimental group, and asked to place a B before the name of each 
operator whom he considered to be one of the best and a P before the 
name of each operator whom he considered to be one of the poorest op- 
erators in the employ of the Substation Section. Each substation opera- 
tor was then allowed a credit of -f- 1 for each time that he was selected 
for the Best group, and a credit of — 1 each time that he was selected 
for the Poorest group. 

When scored in this way, certain operators were selected for the Best 
group as many as 12 times, receiving a total credit of -f 12 and other 
operators were selected for the Poorest group as many as 12 times, 
receiving a total credit of — 12. When rating scores were computed for 
all operators, by finding the algebraic sum of -j- and — credits, 17 
operators were found to have received a score of -f S or more, and 13 
operators a score of — 5 or less. The former were selected as members 
of a group of representative Best operators and the latter as a group 
of representative Poorest operators. The remaining 54 operators, ob- 
taining scores ranging in value from + 4 to — 4 were designated as a 
group of Average operators.® It is significant to note that all three groups 
are practically identical with respect to the distributiton of age and 
length of service and with respect to the average age and length of serv- 
ice of the members of the group. This indicates that actual efficiency and 
not length of service was weighted by those responsible for the classifica- 
tion, in the selection of Best, Average, and Poorest operators. 

As a preliminary step in the validation of the tests in Series A and 
Series B, a comparison was made of the test scores of the Best, Average, 
and Poorest operators. The results of this comparison are embodied in 
the tables and figures presented below. However, it was felt that such 
subjective ratings might be altogether unreliable in differentiating among 
the operators with reference to their actual efficiency in substation opera- 
tion. It was therefore decided to make use, in addition, of available 
records on switching errors in setting up a more definite criterion of 

^When the investigation was started, in March, 1927, there were actually 98 men in 
the experimental group divided into 20 Best, 60 Average, and 18 Poorest operators. The 
experimental group included all with the exception of 10 operators employed in the Substa- 
tion Section. On September 30, 1928, the date of the last comparison included in this report, 
the group had been reduced by promotions, transfers, separations, etc., to the 84 operators 
with whom this section of the report is concerned. 
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operating efficiency. It was found that an accurate record of operating 
errors had been mdntained in the company files beginning with January 
1, 1926.® 

In June, 1927, a preliminary comparison of operating errors of men in 
the Best, Average, and Poorest group was prepared. The results of this 
analysis are shown in Table 25 which revels a definite tendency on the 
part of the Best operators to make fewer errors than Average operators 
and for Poorest operators to be responsible for a greater proportion of 
errors than the Average and Best operators. It was felt that these figures 
tended to confirm the ratings made by supervisors and load dispatchers 
as valid estimates of the operating ability of men employed in the sub- 
stations. The validity and reliability of the ratings have been further 
examined by periodic comparisons of increases in the op>erating errors of 
Best, Average, and Poorest operators, subsequent to the date of the first 
comparison. There has been found a consistent tendency for a marked 
increase in the number responsible for operating errors in the case of 
men classified as Poorest and Average, and for only a negligible increase 
in the case of those classified as Best. The increase in number of Aver- 
age operators responsible for errors is proportionately less than that of 
Poorest operators. In addition, the difference among the three groups 
with respect to percentage responsible for errors remains quite constant. 
These facts are readily observable in Table 25 embodying a comparison 
of operating errors of men in this group at the end of June 30, 1927, and 
September 30, 1928, including a record of errors over periods of 1 year, 
6 months and 2 years, 9 months, respectively. 

TABLE 25 


Operating errors of substation operators 


OPERATORS * 

NUMBER OF 
MEN IN 

GROUP 

PER CENT IN- 
VOLVED IN 

ERROR 

NUMBER OF 

ERRORS 

PER CENT OF 

TOTAL ERRORS 

AVERAGE ERROR 
PER MAN IN 
GROUP 


Sep- 

tember, 

1928 

June, 

1927 

Sep- 

tember, 

1928 

June, 

1927 

1 

Sep- 

tember, 

1928 

June, 

1927 

Sep- 

tember, 

1928 

June, 

1927 

Sep- 

tember, 

1928 

BEST 

19 

17 

10.6 

23.5 

2 

4 

6.5 

6.3 

0.11 

0.24 

AVERAGE 

58 


27.S 

51.9 

18 

37 

58.0 

57. 8 

0.31 

0.69 

POOREST 

18 

Bl 

38.7 

76.9 

11 

, 23 

3S.S 

35.9 

0.61 

1.77 


* Best rated scores of -F S and above; Average, between — 4 and + 4 ; Poorest, — S and 
below. 


Table 25 shows not only the greater increase in errors on the part of 
the two groups referred to above, but also shows that on September 30, 
1928, Poorest operators were actually responsible for 8 times as many 

^ Reports of operating errors are prepared monthly by the Load Dispatcher’s office and 
are filed in the office of the Substation Section. Errors include inaccurate operations 
actually resulting in the loss of load or potentially capable of bringing about such a loss. 
Assignment of responsibility to individual operators is made by the Superintendent of 
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errors per man as Best operators and 3 times as many errors per man as 
Average operators. Average operators, on the other hand, are shown to 
be responsible for 3 times as many errors per man as are operators in the 
Best ^oup. 

In view of this demonstration of the validity of ratings made by super- 
visors and load dispatchers in indicating the efficiency of substation 
operators, it was decided to use these ratings as well as actual records of 
operating errors in determining the validity of the tests as measures of 
competency in substation operation. It is to be noted, however, that these 
ratings are used as a distinct criterion and that, in addition, a detailed 
comparison between test scores and the purely objective criterion of 
operating errors has been prepared. Furthermore it is felt that this com- 
parison of operating errors in two successive periods of time furnishes 
evidence to the effect that the objective criterion — the number of 
operating errors — is itself a reliable one. 


(b) Results of Try-Out of Tests on Experimental Group 

In Figure 29 are shown the average Total Test Scores of Best, Aver- 
age, and Poorest operators. The difference in scores among the 3 groups 
are statistically significant.^® 

A comparison was also made of the average test scores of operators in 
the experimental group classified with respect to number of errors. The 


Substations. All operating errors are discussed at the periodic meetings of the division 
heads of the Operating Department. At this time, exception to the Load Dispatcher’s 
designation of a particular situation as an error may be taken. In certain, although in- 
frequent, instances such an exception may be allowed and the error removed from the 
record. 

Diff 

^0 An index known as "g p j'^st how significant a difference is. For example, if 


o equals 2, the chances are 43 in 44 that the observed difference is real and in the 
S.D.Diff 

direction indicated. When equals 3, the chances are 740 in 741. If g p ^ S, 


the chances are approximately 3,500,000 to 1 that the difference is real and in the direc- 
tion indicated. (See W. V. Bingham and M. Freyd, Procedures in Employment Psychol- 
ogy, p. 171 ff.) The significance of this measure may be further indicated in the fact that 

with a - - J^ -I ^ Ts-of 2, the chances of the obtained difference being a true difference greater 
S.D.Din 

than zero are 98.01. With a g- ^^^ ^of 3, the chances of the observed difference being a 

true difference greater than zero are 99.9. (See H. E. Garrett, Statistics in Psychology and 
Education, p. 128 ff.) 

“Whenever two or more groups are compared the g p pi ff computed to deter- 

Diff 

mine the significance of the findings. The g pig “lust be at least 2 to be significant. It 

should probably be close to 3 to afford a safe basis for selecting employees.” (Quoted 
from D. A. Laird, Psychology of Selecting Men.) 

The findings concerning the significance of the difference in average Total Test Score 
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average Total Test Score of 42 operators with 0 errors is 70.6; of 42 
operators with 1 ot more errors 67.9; of 13 operators with 2 or more 
errors 59.5; of 5 operators with 3 errors 52.2. 

An analysis of test scores showed 75.0 to be the “critical score” for 





Figure 29. Average Total Test Scores and Average Errors Per Man of 84 
Substation Operators 

{After Viteles) 

selection with this battery. In Figure 30 is presented a comparison of the 
error record of operators making Total Test Scores of 75.0 and above 
with those making scores below 75.0. The average number of operating 
errors of the latter is about 2^2 times that of the former. It is significant 

among BEST, AVERAGE, and POOREST operators are presented in the Table below. 

Table 

The Reliability of Differences in Average Total Test Scores of 84 Substation Operators 



DIFFERENCES IN AV. 

DIFF 

GROUPS COMPARED 

TOTAL TEST SCORES 

S.D. DIFF 

BEST & AVERAGE 

12.2 

3.2 

BEST & POOREST 

27.9 

5.2 

AVERAGE & POOREST 

1S.7 

3.4 
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to note that only 7.7 per cent of the Poorest operators wotild have been 
hired had they been tested prior to employment, whereas 70.6 per cent of 
the Best operators would have been employed. This is of particular sig- 
nificance when it is recalled that the men in the poorest group average 
8 times as many errors as those in the best group and ^at Ais 
group of 13 Poorest operators had to the date of this study been respon- 
sible for 23 or 35.9 per cent of the errors made by all operators hired 


aeoniMvofa tsst 
aeo/vsAtssi/reoKMOire 



Figure 30. Comparison of Average Operating Errors Per Man of 30 Substation 
Operators with Passing Scores and of 54 Substation Operators with Scores 
Below Passing 

{After Viteles) 


during the last ten years and still in service. On the other hand, the 17 
Best operators had been responsible for only 6.3 per cent of the total 
number of errors. 


A Study of Substation Assistant Operators 

In addition to studying the relationship between test scores and the 
operating efficiency of this experimental group, a comparison was also 
made between test scores and efficiency of senior operators. This con- 
firmed the findings of the first study. Moreover, during 1929, a study 
was made of the status of 35 assistant operators in service for a minimum 
of 6 months, hired regardless of test score, who had been examined in 
Series A and B either before or shortly after employment. These assist- 
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ant operators were classified as the (10), Average (16), and Poorest 
(9), at a meeting of the Superintendent of Substations, Assistant Super* 
intendent of Substations, and 5 District Supervisors, who carefully re- 
viewed very detailed records on progress in the station and in training 
which were available. The average Total Test Score of Best assistant 
operators was found to be 87.7; of Average, 80.00; and of Poorest as- 
sistant operators, 68.7. 

The Administration of Tests to Applicants for Employment 

The tests described in this report have been employed for approxi- 
mately iVi years in the selection of substation assistant operators and in 
connection with the transfer and promotions of operators. A brief 
description of the routine procedure used in hiring assistants may be of 
service in showing the place of the tests as administrative units in the 
selection of competent employees. 

Notice of vacancies is sent by the Employing Officer of the Substation 
Section to the Employment Office. Applicants are interviewed and those 
found suitable in the preliminary interview, who, in addition, receive a 
passing score on weighted application blank items, are given a medical 
examination.'^ Those who pass the medical examination are given the 
psychological tests by a trained examiner and the results reviewed by the 
Director of Personnel Research. 

Results are recorded on a form, known as the Test Profile (Figure 
10b) which shows not only the Total Test Score for Series A and B, but 
the applicant’s score on each test in comparison with the performance of 
Best, Average, and Poorest operators. This profile has the advantage 
of showing graphically the position of the applicant on the tests in com- 
parison with those of employees with known proficiency. The profile 
also reveals whether the applicant’s performance tends to be fairly stable 
on a given level, or whether there is a marked irregularity in perform- 
ance, as shown by exceptionally high or low scores on single tests. In 
addition to this objective statement of test results, a complete statement 
of observations of the reaction of the applicant during the examination is 
prepared. This is placed on the reverse side of Form PX — 501 (Figure 
10b), which also contains a detailed statement of the objective score 
and a description of the quality of performance on Series C (Switching 
Control Test). 

No applicant with a Total Test Score (Series A and B) of less than 
75.00, or with a final rating below Fair on the Switching Control Test is 
hired. On this basis approximately 70 per cent of those examined are 
refused employment.''' Final selection is made by the Employing Officer 


In deciding upon the suitability of the applicant, the Employment Office makes use 
of an Application Score, weighting such factors as age, marital status, education, etc., 
which was prepared by the writer in the course of this analysis of substation operation 
and the qualifications of the substation operator. 

Such applicants are given first consideration for other available jobs. 
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of the Substation Section, on the basis of all the data made available 
to him by the Emplo 3 anent Office. 

The Tests in Practice 

llie objective results obtained through the use of these tests are evi> 
dent in Figure 31, showing charged substation operating errors for the 
years 1926-31, inclusive. The tests were put into operation in the selec- 
tion of assistant operators on April 1, 1928. In addition, during that 
year substation operators who had not been included in the experimen- 
tal group were examined and the practice established of reassigning 
operators in service as well as placing new employees on the basis of 
test scores. So, for example, operators for newer and bigger stations, 
notably Plymouth Meeting and Westmoreland, were chosen largely on 
the basis of test score. Notwithstanding the difficulties involved in 
operating these new, complex stations, particularly during the early 
stages while a great deal of new and highly complicated equipment was 
going in, the personnel selected in this way has exhibited a high degree 
of operating efficiency. On the same basis, operators with low test scores 
and unsatisfactory working records have been reassigned to the smal- 
ler stations. 

The net result has been the marked decrease in operating errors 
shown in Figure 31. During 1931 the number of charged operating er- 
rors was one-third of the average for 1926-1928 inclusive.** Prior to 
1929 there was no month without an error. During 1929 there was 1 
month during which there were no errors; during 1930 there were 2 such 
months; during 1931 there were 2 months without an error and, in addi- 
tion, a stretch of 3 months without a single error. As a matter of fact, 
between September, 1931, and April, 1932, there was only 1 error, and 
this represents the total number for 1932 at the time of writing 
(June).** This improvement follows largely from the use of test scores 
in the reassignment of experienced operators tested subsequent to em- 
ployment, supplemented by improvement in the quality of recently hired 
personnel.*® 

In addition to the decrease in operating errors noted above, the 
supervisory staff of the Operating Division is convinced that more 
satisfactory operators are being hired since these tests were installed 
than was the case previously. Men who have been hired as assistant 

If uncharged errors are also considered, the reduction is to one-fourth. Since January 
1, 1929, all errors have been charged. 

periodic review has shown that operators with low test scores arc con^nuing to 
add errors to their records at a rate considerably above that of operators with higher 
test scores. 

^^The improvement in operating records during the latter part of 1931 and during the 
early part of 1932 may be partly influenced by the benefits accruing from a supple- 
mentary training course, prepared under the direction of the author, which has been 
given to date to approximately half of the experienced operators. This course was put 
into operation in 1930. Half of the operating group has completed the course and the 
other half is at present under training. 
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Figure 31. Comparison of Charged Substation Operating Errors 1926-1931 
Philadelphia Electric Company 

(After Viteles) 
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operators on the basis of test scores are being promoted to operating 
positions and seem to adjust themsdves to the operator’s job more 
rapidly and more satisfactorily than those hired before the tests were 
put into operation. The progress of these men who have gradually as- 
sumed the full responsibilities of operators is at present being sub- 
mitted to statistical analysis. 

TESTING IN THE MANUEACTUSING INDUSTRY 

In both the United States and Europe the attention of many investi- 
gators has been centered on the development of tests for factory work- 
ers. This is not surprising when it is considered that in nations, like the 
United States, which have passed from an agricultural to an industrial 
stage, larger and larger portions of the population are being employed 
in manufacturing pursuits. “Alongside the machinery on which the 
modern world has grown so dependent are millions of men and women 
who keep the machinery going. In the United States the largest single 
occupational class is that engaged in the manufacturing and mechanical 
industries. The members of this group make up nearly one-third of the 
working population, and if we add to their number the workers in other 
occupations that require a certain amount of mechanical skill — some of 
the branches of agriculture, mining, and transportation — we can esti- 
mate that at least 40 per cent of the gainfully employed population is 
dependent in some measure for its economic success on the possession 
of mechanical ability.” 

Link’s Studies of Factory Workers 

Among the earliest American investigations in the selection of factory 
employees is Link’s work with inspectors, gaugers, assemblers, machine 
operators, tool makers, and machinists in an arms and munitions plant. 
In a preliminary experiment with 52 shell inspectors, the correlation be- 
tween each of 3 tests and the average number of pounds of shells in- 
spected per hour for a 4 week period gave the following figures: ” 

Card Sorting -}- O.SS 

Cancellation -|- 0.63 

Number Group Checking 4" 0.72 

The predictive value of each test was further studied by comparing 
scores (in seconds) of day workers and piece workers. The latter are 
naturally the more proficient. Figure 32, showing the distribution of 
scores for these two groups on the Number Group Checking Test, gives 
a clear-cut indication of the value of this test in discriminating between 
degrees of proficiency on the job. In addition, the intersection of the 
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two curves gives the time — or “critical score” — that can be most satis* 
factorily used as a basis for rejection and employment. The standard 
set by this critical score is suc^ as to permit the employment of the 
largest number of applicants likely to succeed, and the rejection of the 
largest number likely to fail on the job. 

The same tests gave unsatisfactory correlations with the production 
of gaugers, but proved, on the whole, to be suitable for the selection 
of cartridge and bullet inspectors. A later study showed that of appli- 



FiouRE 32. Scores on Number Group Checking Test 
{After Link) 


cants who had been examined and assigned to inspection, 94 had either 
stopped work or had been transferred to other jobs. Twenty-seven of 
these girls had been hired in spite of the fact that test scores were be- 
low the standard, because of the labor needs of the plant. An analysis 
of reasons for discharge or transfer given by the foreman at time of em- 
ployee’s separation is shown in Table 26.^® A definite relationship be- 
tween test performance and success on the job is evident in this com- 
parison. 

In a still later study it was possible to compare actual test scores on 
the Cancellation and Number Group Checking tests with output records. 



TABLE 26 




SATIS- 

UNSATIS- 

NO 



FACTORY 

FACTORY 

OPINION 

TOTAL 

Above the standard 

34 

1 

32 

67 

Below the standard 

1 

17 

9 

27 


p. 49. 
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for a period extending from 1 to 4 months, of 43 inspectors who had al- 
most succeeded in becoming piece workers, and who had been at work 
for 2 months or more. Correlation for the Cancellation Test was found 
to be 0.44; for Number Checking, 0.47; and for both, 0.S8. Moreover, 
of all the girls who had been hired as inspectors, those who survived 
as successful inspectors were the girls who had been above the standard 
set in the tests. To be specific, 37 out of 43 were producing from 50 to 
70 pounds an hour, and of this number all but 2 had been chosen on the 
basis of the tests. Six were producing less than 50 pounds an hour, and 
were therefore failures judged by the standard of the shop, and every 
one of these 6 was decidedly below the standard set by the tests and 
would not have been hired if the results of the examination had been 
observed. In other words, out of a group of 39 successful inspectors, all 
engaged on the very same kind of work for a period of time, 94 per cent 
were above the standard set by the psychological examination.^” 
Link’s investigations included a study in a shop giving a short course 
of intensive training to prospective machinists and tool makers. In the 
case of these the following correlations were obtained between fore- 
man’s ratings and a battery consisting of the Stenquist Mechanical 
Ability Tests, a Form Board Test (simUar to that shown on Plate III), 
and a Cube Test.^^ 

TABLE 2 7 
Correlations 


1st Group (12) 90 

2nd Group (11) 65 

3rd Group (12) 50 


The results, as Link points out, are merely suggestive because of 
the small number of cases and the subjective character of the criterion, 
but they are cited as an example of an early American experiment in this 
field. 

The tests devised by Link have been employed either as originally 
constructed or in a modified form in many other investigations. The 
experiments conducted by this investigator, and procedures devised by 
him, in adapting testing techniques to the industrial situation, represent 
pioneering work in the application of psychology in vocational selection. 

Experiments at the ScoviU Manufacturing Company 

Among more recent American investigations in the selection of skilled 
and semi-skilled workers is a study by Pond,”‘ extending over a period 

Ibid., pp. SO-Sl. 

*<>/W(f., pp. 123-129. 

M. Pond, “Sdective Placement of Metal Workers,’* Jow. Ptrs. Res., 5 (1927), 
pp. 345-368; 405-417 ; 452-466. 
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of approximately 10 years, involving an evaluation of 8 tests and 
of personal history items in the selection of workers for 65 occupa- 
tional groups in a brass factory {Scovill Manufacturing Company). 
The procedure is such as to give preferred ranges on individual tests 
and items, and on combinations of tests, which permit every appli- 
cant to qualify for one or more positions in the plant. This study is 
of unusud scope from the points of view of objective, number of work- 
ers examined, the periods covered, etc., and involves a painstaking 
analysis of the rdiability and validity of individual tests and criteria. 
It is characterized throughout by a highly conservative and judicious 
attitude in the interpretation of data and the formulation of conclusions 
with respect to the usefulness of the tests. 

One feature of the study is the development of a test battery (includ- 
ing four tests of the Army Beta series, errors on one of them and a 
special circle marking test) for use in selecting tool making apprentices. 
The battery, on which a preferred range of scores was established in a 
preliminary experiment with 106 boys,®* requires only one half hour 
for administration. The validity of the tests was established by a com- 
parison of test scores with yearly ratings by foremen, based upon in- 
structor’s reports, records of performance, etc. 

A recent report by Pond *•' reviews the firm’s experience with the 
testing program for this occupation from January 1, 1926 to September 
1, 1930. Some of the findings of the analysis are presented in Table 28. 
The Roman numerals on the left of each table represept the groups of 
apprentices studied. Group I to III, inclusive, were not selected by 
test; groups IV to VII were so selected. Group I comprises 57 boys 
hired prior to any testing, but for whom it was possible to secure ratings 
at the beginning of the test investigation. The hiring period for group I 
was nearly four years. 

All succeeding groups represent hirings of one year only. Groups Il-a 
and Il-b and III cover 106 boys studied to obtain the proper minimum 
score for the occupation; 37 per cent of them score below the minimum. 
Groups IV and VII are the boys who were selected from September 1, 
1926 to September 1, 1930, from among applicants who scored in the 
preferred range. Only 8 per cent of them were below the passing mark, 
and these were close to the critical score. Out of an ample supply of 
preferred applicants, the final selection of these apprentices was made 
upon the basis of test scores and all the factors which go to make up 
an interviewer’s judgment. 

Column 1 shows the total number of apprentices hired in each group; 
columns 2 and 3, the number described satisfactory or unsatisfactory in 
the first foreman’s rating; column 4, the percentage satisfactory; 
column 5, the number of satisfactory apprentices still in the course 
at time of the rating. Differences between column 5 and column 2 repre- 

”lbid., pp. 4S2-466. 

** M. Pond, “What is New in Employment Testing,” Pers, J., 11 (1932), pp. 13-16. 
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sent satisfactory apprentices who terminated voluntarily (or were trans- 
ferred) before the date of rating.’^* 

Column S is followed Iqr total number of new apprentices still in 
course at the time of first rating, column 6; and percentage of these 
who are satisfactory, column 7. 

Of apprentices not selected by test, 61 per cent were rated as satis- 

T ABLE 28 


Toolmaking apprentices, quality 




1 

2 

3 

4 

5 

6 

7 


GROUP 

NO. H. 

NO. S. 

NO. u. 

PER 

NO. S. 

NO. S. 

PER 






CENT 

REM. 

U. 

CENT OF 






S. 


REM. 

REM. SAT. 


I 

57 

36 

21 

63 

32 

37 

86 

Not 

Il-a 

IS 

7 

8 

47 

7 

11 

64 

Il-b 

35 

21 

14 

60 

17 

19 

89 

selected 
by test 

III 

56 

35 

22 

63 

25 

32 

78 

Total 

163 

99 

64 

61 

81 

99 

82 


' IV 

40 

36 

4 

90 

24 

25 

96 


V 

44 

33 

11 

75 

24 

24 

100 

Selected 

VI 

35 

32 

3 

91 

23 

24 

96 

by test 

VII 

36 

28 

8 

78 

28 

29 

97 


Total 

155 

129 

26 

83 

99 

102 

97 

Difference 





-f 22 



+ 15 

D/e 





4.4 



3.4 


(After Pond) 


factory, in comparison to the 83 per cent in the case of those hired by 
test. The difference is statistically significant. The figures in column S, 
as compared with those in column 1, show a stabilization of apprentices 
in Groups IV to VII. An analysis of these figures shows that fewer and 
fewer apprentices have to be hired yearly to maintain an even flow of 
apprentices into the later .years of the training course. 

Of apprentices still in service at the time of die first rating the propor- 
tion of those tested prior to employment receiving a satisfactory rating 
is 15 per cent higher than among those not tested prior to employment. 
(Column 7.) “Groups I-III, 61 per cent satisfactory as hired, improved 
by a process of sifting over a period of one year, average 82 per cent 

s*In normal times apprentices are hired at the rate of two per month, with additional 
hirings whenever there is an extra opening. The yearly rating is therefore a cross-section, 
some of the apprentices having been in the course only two months, others longer* 
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satisfactory at the date of the first rating. Groups IV-VII, 83 per cent 
satisfactory to begin with, average 97 per cent satisfactory later. A test 
requiring half an hour per person (less than one half-week total testing 
time for a year’s hiring of boys) is substituted for the weeding other- 
wise accomplished in a whole year, and produces the same result.” 

A further analysis of other findings cited by the investigator leads 
to the conclusion that voluntary turnover of satisfactory apprentices is 
not affected by the use of a minimum test score in selection. However, 
the selection procedure has reduced turnover due to failure, and to some 
extent, length of time required to determine failure. 

The Wiggly Block 

Among other recent American investigations considerable attention 
has been aroused by O’Connor’s use of a Wiggly Block — a rectangular 
block cut vertically into 9 parts with irregular wavy edges — in the selec- 
tion of machinists, for the General Electric Company. The investigator 
reports that 74 per cent of the ‘‘all-round” machinists with 2 or more 
good years standing, who tried the Wiggly Block, make A or B grades; 
of good mechanics, only 5 per cent make D; of 327 mechanical and 
engineering apprentice boys tested, 44 per cent make A grades and only 
5 per cent D. If the test, instead of “judgment” had been used in hiring, 
these boys would not have been selected. Less than a third of those 
with D scores are continuing on the job. Half have been dropped, 
more have left, and several are poor mechanically. “Among the 18 who 
made C in assembling the block, whom judgment hired, but the test 
would have rejected, a few have since proved good workers, but only 
a few.” 

O’Connor has devised other tests for skilled and semi-skilled workers, 
e. g., finger dexterity, peg hoard, etc., for use in other jobs. The evalua- 
tion of these are characterized by the failure to define criteria, an ex- 
tremely loose use of terminology, and the absence of substantiating data 
which are evident in the results and conclusions cited above. For this 
reason no further reference to this work seems necessary. 

THE SELECTION OF METAL TRADE APPRENTICES IN GERMANY 

Among European countries, Germany stands in the lead in the de- 
velopment of projects for the selection of skilled and semi-skilled work- 
ers. In this country attention has been particularly centered upon the 
development of tests for the selection and guidance of apprentices in the 
metal trades. Manufacturers, schools, and labor unions have combined 
to require the use of such tests as preliminary to an apprenticeship in 
this industry.^"^ A number of separate batteries of tests to be used for 
p. IS. 

J. O’Connor, Born That Way^ New York, 1928, pp. 123-125. 

*’■ M. S. Viteles, “Psychology in Business in England, France and Germany,*’ Ann 
4m. icad. FoL Sfoc. fci., 110 (1923), pp. 207-220. 
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this purpose have been devised by independent investigators. Perhaps 
the leading figures in this field are Moede,®* Lipmann,®* Heilandt,*® 
Hildebrandt,®^ Rupp,*® and Poppelreuter,*® each of whom has de- 
veloped and standardized a separate battery to be used for this purpose. 
The testing techniques of the first three investigators resemble each 
other closely. The tests used by Rupp differ somewhat from these while 
Hildebrandt appears to have made use of material drawn in part from 
the work of these investigators and in part from other sources. In general, 
their methods agree in their use of a group of tests measuring under- 
lying abilities presumably involved in mechanical operations of the 
type performed by apprentices under training as machinists, tool mak- 
ers, tinsmiths, for foundry work, and in other related occupations in the 
metal industry. In many instances the tests are analytic in character, 
although among them are found a number of the analogous type. Pop- 
pelreuter, as an exponent of the work-sample method and of the study 
of total personality, employs largely work-samples in arriving at a 
clinical picture of the individual as an aid in selection. 

Selection of Apprentices in the Siemens-Schuckert Works — Berlin 

The procedure employed by Rupp ** and a few of his findings may be 
employed to illustrate the general approach in German studies in the 
selection of apprentices. Rupp has used a series of 18 tests, measuring 
primarUy visual discrimination, spatial perception, technical corhpre- 
hension, and manual ability, for forecasting success in this type of work. 
The tests, which are given as group examinations, require approxi- 
mately 5^ hours, supplemented by individual interviews. 

Figure 33 A shows a test employed in the Rupp battery as one 
measure of spatial perception. The subject is presented with a sheet 
showing the designs illustrated in this figure. He is instructed to assume 
that each figure is made of cardboard, and asked to prepare a drawing 

W. Moede, ‘'Die psychotechnische Eignungspriifung des industriellen Lehrlings/* Prak. 
Psy., 1 (1919), pp. 6-18; 65-81; “Psychotechnische Eignungspriif ungen in der Industrie,” 
Prak. Psy., 1 (1920), pp. 339-350; 365-37, “Germany Finds a Psychological Center Useful,” 
Ind. Psych., 1 (1926), pp. 551-552; Lehrbuch der Psychotechnik, Berlin, 1930, p. 140. 

28 0. Lipmann and O. Stoltzenberg, “Methoden zur Auslese hochwertiger Facharbciter 
der Metallindustrie,” Schrift. Psych. Beruf., 11 (1926), p. 102; “Bewahrungsuntersuchung 
von Eignungspriifungen in der A.E.G.,” Psychot. Z., 3 (1927), pp. 152-155. 

*8 A. Heilandt, “Psychotechnische Eignungspriifungen bei der Einstellung gewerblicher 
Lehrlinge in der Werkschule der A.E.G. Fabrikcn Brunnenstrasse,” Betrieb, 3 (1920), 
pp. 16-21; “t)ber der Bewahrung der psychotechnishen Eignungspriifungen gewerblicher 
Lehrlinge,” Betneb, 4 (1921), pp. 118-121. 

21 H. Hildebrandt, “Versuchc mit Psychotechnischen Eignungspriifungen fiir Ingenieur- 
lehrlinge,” Ind. Psychot., 2 (1925), pp. 42-49; “Beitrage zur Mcthodik und Praxis der 
psychotechnischen Eignungspriifungen auf Grund von Untersuchungen bei der Pirma A. 
Borsig,” Psychot. Z., 1 (1925), pp. 49-57; 1 (1926), pp. 187-194. 

22 H. Rupp, “Untersuchung zur Lchrlingspriifung bei Siemens-Schuckert, Berlin,” 
Psychot. Z., 1 (1925), pp. 54-75. 

**W. Poppelreuter, “Psychologischc Berufsprufungen insbesondere der industriellen 
Lehrlinge,” Z. Christ. Erz. Wi., 3 (1920), pp. 109-115 ; “Die Arbeitskurve in^der Diagnostik 
von Arbeitstypen,” Psychot. Z., 3 U928), pp. 35-51. 

H. Rupp, op. cU. 
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Figure 33 . Spatid Perception Test 
{After Rupp) 
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Figure 34 . Test of Technical Comprehension 
{After Rupp) 

/ 

why?” Question 9 reads “Which is the better way of hanging the weight: 
A or B;” and 10, “Which arrangement requires more effort on the part 
of the man: A or B, and why?” The scoring for this test is in terms of 
correct answers. In this case again, as in the case of every other test, the 
final score is expressed in terms of a 5-point scale. 

On Plate IV is shown one of the tests employed to measure mechan- 
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ical ability. In this case the subject moves the board, on which has been 
placed a sheet of paper, under the pencil attached to the horizontal arm 
of the apparatus. Employing this procedure the subject draws 4 vertical 
lines pardlel to one another and a few simple designs. The problem is 
to control the board so that all lines will be straight and continuous. The 
time allowance is 15 minutes. Scoring is in terms of time as well as in 
terms of quality of performance. 

In another test of mechanical ability, the subject is provided with a 
round piece of lead 8 cm. in length, and required to hammer it into a 
4 sided bar, pointed at both ends, of the same length as the original 



Figure 35. Scoring Scale for Wire Bending Test 
(After Rupp) 


round piece. The scores assigned to various final products are shown 
in Plate IV. 

Among devices employed by Rupp and a number of other German in- 
vestigators in testing apprentices in the metal trades is the wire bending 
test. In the procedure employed by Rupp the subject is given 2 pieces 
of wire 8 mm. in width and 50 cm. in length and required to bend them 
into the shapes shown on Figure 35, which shows a portion of the rating 
scale used in scoring the quality of the finished product. 

The results of the series of tests is combined into a single score, like- 
wise expressed in terms of a 5 point scale. The evaluation of these tests 
is illustrated in Figure 36, showing a comparison between final test 
scores and the shop performance of apprentices in the Siemens- 
Schuckert Works in Berlin. The solid dot represents the final rating on 
performance in the plant based on quality and quantity of work. The 
small circle represents the final score on ^e selection tests. The graph, 
which is of a type frequently employed by German investigators, pre- 
sents the differences between scores on these two measures, each ex- 
pressed in terms of a 5 point scale. The average difference in score is 
0.58, whereas on the basis of chance it should be 1.2. 

As a result of the policy of the firm in hiring the sons of those em- 
ployed in the plant, a certain number of apprentices with low test scores 
(4 and 5, shown to the right of the heavy line) were hired. Only one of 
Uie 15 so hired obtained a score of 3 on performance in the plant. It is 
evident that the predictive value of this particular battery of tests 



TESTS FOR SKILLED WORKERS 283 

and the efficiency of this group of workers could be considerably im- 
proved through the rejection of all applicants making low scores on 
the tests. 

Rupp has calculated the working time that could be saved through 
this more radical application of the testing method. Assuming 100 per 
cent to be the time required for the production of certain material 
in the plant by apprentices hired without regard for test scores, it is 
found that there was a decrease of 16 per cent in time required by 
those actually hired on the basis of test scores. If only applicants with 
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FiGxntE 36. Comparison of Shop and Test Performance of S3 Apprentices in 
Siemens-Schuckert Works, Berlin 

{After Rupp) 


scores below 3 had been employed the gain in production time could 
be increased to 3 1 per cent. 

Apprentice Selection by the Firm of A. Borsig-Tegel 

Equally satisfactory results are reported by Hildebrandt,®® who has 
employed a battery of tests in many respects similar to that used by 
Rupp in testing apprentices for another firm (Borsig-Tegel). These in- 
vestigators disagree with respect to the relative value of tests of form 
perception and 3iose of manual ability but, in spite of this difference of 
opinion with respect to individual tests, the results obtained by both 
are very similar. The character of Hildebrandt’s findings are illustrated 
in Table 30, showing (a) the rank order of 30 machinist apprentices 
on the psychological tests, (b) ratings on quality of work furnished by 
foremen at the end of one-half year of service, and (c) the actual time 
taken for 14 standard projects completed in the work shop by ap- 
prentices during the first half-year of training. 

A rating of 5 on quality of work is equivalent to unusually good 
quality of production; 3, good quality; and 1, altogether unsatisfactory. 
It is evident that there is very close relationship between foremen’s 


BO H. Hildebrandt, op, cU, 
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TABLE 30 

Evaluation of Tests for Machinist Apprentices 


RANK ORDER 
ON SELECTION 
TESTS 


SUPERVISORS* 

RATINGS 


TIME — IN HOURS 
FOR 14 PROJECTS 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 



S6i 

87 

79i 

58J 

83 

37| 

122 

114i 

83 

72i 


[ 794i 


11 

12 

13 

14 

15 

16 

17 

18 

19 

20 


3 

2 

3 

2 



3 

3 

3 

3 


174J] 

86 

66J 

95i 

884 

974 

974 

884 

1114 


9954 


21 

22 

23 

24 

25 

26 

27 

28 

29 

30 



94 

65 

1464 

1073 

844 

863 

82 

106 

1334 

118 


1024 


(After Hildebrandt) 


judgments, actual production and performance on the tests. It is in- 
teresting to note that Group 2 of the apprentices (classified according 
to psychological test scores) spends approximately 25 per cent more 
time on work projects than Group 1. The differences between Group 3 
and Group 2 are not so marked. It is important to note in this con- 
nection that, in general, apprentices in Group 3 were doing satisfactory 
work in terms of ordinary shop standards. 
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An analysis of the production of the entire group of apprentices In 
the course of 5 years leads Hildebrandt to conclude that the examina- 
tion of apprentices prior to selection leads to a 11.6 per cent decrease 
in production time and a 14.3 per cent increase in quality as compared 
with a group hired without testing. An analysis of turnover statistics 
for years following the introduction of tests in 1920 shows a higher 
proportion of involuntary separations among apprentices with low Aan 
among those with higher test scores. The exact influence of test scores 
ui»n turnover for all apprentices cannot be determined, according to 
Hildebrandt, because of the political and social factors affecting turnover 
during the years under consideration — 1919-1925. 

The extent and usefulness of tests in the selection of apprentices in 
the metal trades are indicated in a survey, by Kellner,®^ of the ex- 
periences of a number of German industries with this type of examina- 
tion. This investigator expresses the relationship between test scores 
and success of apprentices in the plant in terms of a percentage figure 
— 70 per cent representing the lowest figure indicating a satisfactory 
relationship between test scores and proficiency.®* Applying this figure, 
an agreement of 85.7 per cent is found between test scores and the per- 
formance of 14 apprentices employed by the Kabelwerk Oberspree 
plant of the German General Electric Company. In the Daimler Motor 
Works an agreement of 81 per cent between test performance, and 
proficiency on the job is reported. In the Goerz plant of the Zeiss 
Organization, an 80 per cent agreement between the test scores and 
ratings in the plant is found in the case of 17 toolmaking apprentices. 
A number of other results of this same kind are reported by Kellner, 
who employs an ingenious calculating procedure to show that, on the 
whole, suitably selected apprentices can be expected to be 15 per cent 
more efficient than those haphazardly selected, at a gross saving of three 
hundred marks over a four-year apprenticeship period. 


TESTING IN OTHER SKILLED AND SEMI-SKILLED JOBS 

Experimental investigations with skilled workers, both in Europe 
and the United States, has not been limited to the selection of appren- 
tices. In shoemaking,®* garment making,** a variety of jobs in the 

KeUner, “Neun Jabre Priiferfahrungen in der Berliner Metallindustrie,” Ini. 
Psychol., S (1928), pp. 33-48. 

Kellner does not make clear how this figure is obtained. It represents apparently an 
attempt to express the coefficient of correlation in terms of per cent better than chance fore> 
casting efficiency, but his treatment of results suggest that the transmutation is not in stand- 
ard terms. In spite of this, it seems well to describe some of Kellner’s findings employing the 
criterion which he sets up with 70 per cent as the minimum index of satisfactory relation- 
sffip. 

Mayer and 0. Sterzinger, Die Berufseignung des Schusters, Wien, Leipzig, 1926, 
pp. 52; H. Zirn, ’^Eine psychotechnische Eignungspriifung fiir den Schuhmacher,” Psychot, 
Z., 6 (1931), pp. 65-80. 

Spielinan, *Wocational Tests for Dressmakers’ Apprentices,” J. NaVl Inst, Ind, 
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chemical industry** and in the manufacture of electric lamps,*’’ 
acetylene welding,** crane operation,** printing,*® and a variety of 
other jobs, experimental studies have been made. The extent of this 


TABLE 31 


YEAB 

TOTAL NUMBER 

EMPLOYED 

TOTAL NUMBER 

OF SEPARATIONS 

PERCENTAGE 
OF SEPARATION 


Prior to use of psychological tests 


1925 

4074 

474 

11.7 


Subsequent to the use of psychological tests 

1927 

5678 

346 

6.9 

1928 

5830 

351 

6.02 

1929 

8688 

280 

3.2 

1930 

4782 

139 

2.9 


(After Dellwig) 

work, in Germany alone, is perhaps illustrated m a recent statement, 
by Dellwig,*® that the Psychological Center directed by Poppelreuter 
has examined, between 1924 and 1931, over 12,000 individuals seeking 
placement in a number of plants served by this center. The examinations 
involved jobs as varied as machinist, electrician, pattern maker, crane 
operator, builder, etc. 

Figures on labor turnover among foundry workers are cited by the 
same investigator as evidence of the value of the use of psychological 
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methods in the selection of helpers and workers in other occupational 
classifications. (Table 31.) Additional evidence is dted in many other 
studies of decreased costs and improved individual adjustment follow- 
ing the use of selection tests in this important section of the industrial 
sphere. 



XIV. 


TESTS IN THE TRANSPORTATION 


INDUSTRY 


The cost and social consequences of accidents in the transportation 
industry have made the selection of automotive vehicle operators an 
outstanding problem in vocational placement. Both in Europe and the 
United States numerous investigations have been undertaken for the 
development of tests as an aid in the selection of street car motormen, 
automobile operators, and locomotive engineers. In the development of 
these investigations the objectives of reducing the cost of energy con- 
sumption and training have been added to the original objective of 
eliminating accident-prone drivers. The chapter which follows is de- 
voted to a brief historical account of studies in this field, to a descrip- 
tion of apparatus employed, and to the citation of a few results which 
have been obtained in the use of tests in the selection of motor vehicle 
operators. 

THE SELECTION OF MOTORMEN — ^THE PIONEER WORK OF MUNSTERBERG 

The earliest work in the scientific selection of motormeri is the well 
known investigation of Munsterberg, undertaken in 1912, at the sug- 
gestion of the American Association for Labor Legislation.^ His experi- 
mental work grew directly out of an informal meeting of men interested 
in electric railroading and psychology held in March, 1912, under the 
auspices of that Association, in the course of which the importance of 
considering the place of “human frailty” in accident causation was dis- 
cussed. There was emphasized, possibly for the first time, the need 
for providing measures of the “mental qualities for a class of work in 
which life and limb and financial success are at stake,” as a means of 
decreasing the number of accidents attributable to the human element 
in street car operation. Munsterberg decided, after careful observation, 
that the process which seems to be the “central one for the problem of 
accidents” was “a particular complicated act of attention by which the 
manifoldness of objects, the pedestrians, the carriages, and the auto- 
mobiles are observed with reference to rapidity and direction in the 
quickly changing panorama of the street.” In the avoidance of accidents 

^“Psychological Tests for Accident Prevention/* Elec. Rlwy. Jour., (March 9, 1912), 
Vol. 39, No. 10, pp, 394-395; H. Munsterberg, Psychology and Industrial Efficiency, Cam- 
bridge, 1913, Chapter VIII. 
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“the ability to keep attention constant, to resist distraction by chance 
happenings on &e street, and especially the always needed ability to 
foresee the possible movements of pedestrians and vehicles” were found 
by him to be of greatest importance. 

The apparatus designed by Miinsterberg to measure abilities of im- 
portance in avoiding accident consists of a black wooden box, covered 
by plate glass, over which there is a black velvet belt 8 inches in width. 
This velvet belt moves over two cylinders at the front and rear ends of 
the apparatus. In the center of the belt is a window 4^ inches in width 
and 21 inches high. 

Beneath the belt are placed 12 cards, each 4^ inches wide and 13 
inches long. The card is supposed to represent a street. (Figure 37.) 
Two heavy lines, representing the street car tracks, divide the card 
vertically into 2 halves. The card is divided into small i inch squares 
each of which is considered as a unit. Lengthwise there are 26 units. 
The 26 squares which lie between the 2 heavy vertical lines are marked 
with the printed letters of the alphabet from A to Z. The four rows of 
squares on both sides of these are filled with black and red digits from 
1 to 3. Digit 1 represents a pedestrian who moves just one step, that is, 
from one unit to the next; digit 2 a horse, which moves twice as fast, 
that is, two units; and digit 3 an automobile which moves three times as 
fast, that is, three units. 

Black digits stand for men, horses, and automobiles which move 
parallel to the track and are therefore to be disregarded in looking out 
for danger. The red digits move from either side toward the track, and 
are therefore the dangerous ones. The subject is required to find as 
quickly as possible those points in the track which are threatened by 
red figures, that is, those letters in the 26 track units at which red 
figures will land, if they make the steps which their numbers indicate. 
Thus, a red digit 2 which is two steps from the track would land on the 
track, and therefore represents danger; a red digit 2 which is one unit 
from the track is to be disregarded, because it would cross the track 
and be out of danger. The same principle holds for all red digits. 

When the front cylinder of the apparatus is turned by a metal crank, 
the velvet belt passes over the glass plate and the little window moves 
over the card, with its track and figures. The whole breadth of the card 
with its central track and its 4 units on either side is visible through 
the window over an area of 5 units in the length direction. The subject 
turns the crank with the right hand; the window slips over the whole 
length of the card; and one part of the card after another becomes 
visible. The subject simply has to call out the letters of those units in 
the track at which pedestrians and vehicles represented by the red let- 
ters would actually land if they took the number of steps indicated by 
the digit. At the moment the window has reached Z on the card the 
experimenter withdraws the card and the second becomes visible as a 
second window appears at the lower end of the belt. In this way the 
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subject can turn the crank repeatedly without stopping, until he has 
gone through the 12 cards. A spring beneath the card presses the lower 
card against the glass plate as ^e top one is removed. The score on this 
test is determined both by errors and by the time taken to observe the 
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Figure 37 . Munsterberg Motorman Selection Test 
Heavy figures represer^ red digits 

(After Munsterberg) 

12 cards. The two are combined into a single score, inasmuch as the 
practical problem in street car operation, according to Munsterberg, is 
to combine speed with the smallest number of oversigjits. 

The test was given by Munsterberg to a group of the best motormen 
in the service of a street railway company — ^men who had worked for 
20 years practically without accidents; to a group of mediocre motor- 
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men; and to a large number of men who had only just escaped dismissal 
and whose records showed a large number of accidents. The exact num- 
ber of cases is not stated. Number of accidents seems to have been the 
basis for the separation of the three groups. The results, accor^ng to 
Miinsterberg, “show a far reaching correspondence between efficiency 
in the experiment and efficiency in the actual service.” Moreover, “the 
tried motormen agreed that they really passed through that experiment 
with the feeling which they have on their car.” He points out, however, 
that “the experience refers only to those sides of the motorman’s mind 
which make him able to foresee danger points — the most essential 
factor in accident prevention,” and that this test does not measure other 
mental traits, such as daring, ignorance of local conditions, etc., which 
may become causes of accidents. 

In summarizing the results of his investigation Munsterberg makes it 
clear that it is still in the first stage, in ne^ of large scale co-operation 
between science and industry in order to determine the desirable 
modifications and special conditions which may become necessary in 
making the employment of men partly dependent upon such psycho- 
logical tests. Miinsterberg’s death on December 16, 1916, cut short 
further contribution from him in a field in which he was pre-eminently 
the pioneer. 

Following his death Miinsterberg’s test was tried out by a number 
of other investigators. Gerhardt® reports satisfactory results in the 
selection of motormen from the use of a modified form of the Miinster- 
berg apparatus. However, the failure to define criteria and to employ 
standard practices in test administration makes his findings of ques- 
tionable validity. Fontfegne * and ClaparMe report negative results 
from the application of the test to 30 subjects. Rupp ^ likewise ob- 
tained unsatisfactory results from the application of the test with 
modified stimuli card to 10 motor vehicle operators. Negative findings 
also came out of a trial of the Munsterberg test by the Milwaukee Elec- 
tric Railway and Light Company. Although the results of this study 
were not available to the author, the opinion of the officers of the com- 
pany who had participated in the study, were decidedly opposed to 
fur^er work with this test. 

STUDIES BY THE MaWAUKEE ELECTRIC RAILWAY AND LIGHT COMPANY 

American investigations subsequent to the death of Munsterberg in 
1916, and prior to 1920, included a study of non-test factors in selection 
by McCants and an analysis of the suitability of general intelligence 

*P. W. Gerhardt, **Scientific Selection of Employees/* Elec. Rlwy. Jour., 47 (1916). pp. 
943-94S. 

' J. Font^e, VOrientation professionette et La Determination des Aptitudes, Paris, 1921. 

^ H. Rupp, “Untersuchung zur Fahrerprufung bei der Deutscher Reichspost und bei der 
Stadtischen Strassenbahnen der Gemeinde Wien,” Psyckot. Z., 1 (1926), pp. 157-164, 199- 
220 . 
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examinations for these purposes by McCants.' In 1920 the author 
undertook a further investigation of this problem for the Milwaukee 
Electric Railway and Light Company.® A preliminary step in this in- 
vestigation naturaJDy took the form of a complete analysis of the job, 
in the course of which the author went through the regular training 
course and operated a street car in every section of the city under a 
great variety of conditions. Observation and practice was supplemented 
by consultations with motormen, supervisors, and instructors. This 
study showed that Miinsterberg’s analysis of factors important in 
street car operation was altogether inadequate. The latter limited him- 
self to an examination of the attentive factors in operation. The author’s 
analysis showed that safety in operation involves not only attention, but 
selective muscular response to rapidly changing stimuli. 

The degree to which a given motorman avoids accidents is, in the 
main, determined by his capacity to learn to associate a given response 
with a given situation and to give the aj^ropriate response when faced 
with a similar situation. Sounding the bell at street corners, stopping at 
the traffic signal set against him, operating electric switches, decreasing 
speed when running by parked automobiles, are examples of such 
learned responses. The response which he gives is generally a complex 
one, involving the co-ordination of a number of muscles of arms and 
legs and of both sides of the body. 

The safe motorman, the one who will be least likely to cause ac- 
cidents, must pay consistent attention and observe all that goes on in 
the street. In addition, he gives the proper selective co-ordinated re- 
sponse to the stimulus which he perceives. The difference between the 
man who “gets rattled” and the man who “keeps cool” in an emergency 
is that in the case of the former, response is entirely inhibited or an in- 
correct response is exhibited, whereas the latter responds under all con- 
ditions with a correct reaction.'' 

THE VITELES MOTORMAN SELECTION TEST 

The test devised by the author for predicting safety in operation in- 
cludes four main parts: (Plate I.) 

1. Signal Board for Visual Stimuli, placed at a distance of 20 feet 
from the subject. Scattered irregularly over this board are 7 square 
openings. (Figure 38.) Behind each is a IS watt lamp. These lights are 
wired so as to flash at regular intervals, all 7 lights flashing at one time. 
Each of the lights marked 1 and 4 can be cut out. The failure of 

®M. McCants, “Tests Used in Selecting Employees,” Elec. Rlwy. Jour., 60 (1922), pp. 
710-715. 

®M. S. Viteles, “Research in the Selection of Motormen: Methods Devised for the Mil- 
waukee Electric Railway and Light Company,” J. Pers. Res., 4 (1925), pp. 173-199. 

^ In addition to operating safely the motorman has other responsibilities. He must main- 
tain schedules; use energy economically; maintain cordial pubUc relations; be prompt and 
regular in reporting for work ; etc. These other factors were considered in the study under- 
taken by the author, but will not be discussed in this present chapter. 
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aperture 1 to be illuminated as the remaining six lights flash on consti- 
tutes Signal 1. The failure of aperture 4 to be illuminated as the remain- 
ing six lights flash on, constitutes Signal 2. With each of these signals is 
associated a stated response on the reaction stand. 

2. Signal Board for Auditory Stimuli, including a bell and a horn. 
With each of these a definite reaction is associated. 

3. Reaction Stand, upon which are mounted two handles (see Figure 
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Figure 38. Viteles Motorman Selection Test 
Signal Board for Visual Stimuli Reaction Stand 

{After Viteles) 


38) that can be moved backward and forward from a central point. At 
the foot of the stand are two pedals, representing two foot pedals on the 
front end of a street car. 

4. A Distraction Signal. On the oripnal test this consisted of a 250 
watt lamp placed about 10 feet to the right of the signal board for visual 
stimuli and somewhat in front of it. In later forms of the test this was 
changed to an arcing contact, placed above and somewhat behind this 
board. 


Administration of This Test 

The administration of the test calls for (1) a training period, and 
(2) a testing period. Approximately 35 minutes are required for the 
complete examination. During the training period the subject is taught 
the appropriate response to each of the four signals — ^two visual and 
two auditory. For example, he is taught that in response to Signal 1 
he is to pull both handles toward him and step on the left ped^. For 
each stimulus there is a similar standard reaction involving either 
movements of the two hands alone or combined hand and foot move- 
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ments. During the training period the subject is automatically informed 
whether his response is right or wrong by the illumination of small red 
and green lights placed on the upper left hand corner of the signal 
board for visual stimuli, and by the illumination of the darkened 
apertures in the case of Signals 1 and 2. In this way he can observe and 
correct his errors. 

A definite training program has been outlined. The program is stand- 
ard for each individual with respect to the method of training but not 
with reference to the time spent in training. The amount of training given 
to each applicant depends upon the speed with which he attains definite 
standards of learning which have been experimentally established. 
Training is continued until these criteria have been satisfied. Although 
the length of the training periods of different individuals differ, there is 
a minimum training applying to all subjects.^ 

Evaluation of the Test 

In a preliminary study by the author made in the fall of 1921 the 
performance on the Viteles Motorman Selection Test of 85 motormen 
hired during 1920 was compared with ratings on safety given by a group 
of motorman instructors and supervisors, each motorman being rated 
as very safe, safe, or fairly safe by each supervisor and motorman in- 
structor familiar with his operation. Figure 39 shows the degree of 
Safety in car operation plotted as ordinates against the number of mis- 
takes on the Motorman Selection Test plotted as abscissae. The figure 
placed on the ordinate before the rating shows the percentage of super- 
visors and motorman instructors giving the man the indicated rating. 
For example, the results of a man who is rated as Safe by two super- 
visors and as Fairly Safe by two others would be placed on the line 

marked Fmrly Safe , figures on the abscissae give the 

SO per cent Safe ° 

number of mistakes on the Motorman Selection Test. Few mistakes on 
the Motorman Selection Test represent a good score; many mistakes 
represent a poor score. 

A study of the figure shows a tendency on the part of those rated as 
Fairly Safe by a majority of supervisors to grade low on the Motorman 
Selection Test and for those whose ratings are in the direction of Very 
Safe to grade high in this test. 

In spite of this finding, it was felt that the tests could not be adopted 
for use in selection until a more satisfactory criterion of safety in 
operation could be obtained, the conclusion being drawn that the rat- 


®M. S. Viteles, “Research in the Selection of Motormen,” 7. Pets, Res., 4 (1925), pp. 
179-181. 


® In cases where ratings lay between the values given, the results were recorded on the line 
indicating the value closest to the exact value. For example, the results of a man who was 
rated as Safe by 66§ per cent of the supervisors who rated him, and as Very Safe by the 

remaining 33 i per cent would be recorded on the line for - g --- . 

^ 25 per cent Very Safe 
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ings of motormen instructors and supervisors cannot be accepted as 
satisfactory for a final check on the validity of this test. It was decided 
that the next step in this study should take the form of careful evalua- 
tion of ratings, and the preparation of more objective criteria of success 
as a basis for a further evaluation of the test. 

Such a follow-up study has been made by Shellow, who has carried 
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Figure 39. Comparison oj Ratings on Safety with Scores on Viteles Motorman 
Selection Test {85 cases) 

{After Viteles) 


on the work started by the author at The Milwaukee Electric Railway 
and Light Company.^® The procedure for administering the test has re- 
mained practically the same as that described above, although modifica- 
tions in the operation of the test, permitting automatic recording of per- 
formance and of reaction time, have been introduced by Shellow and in 
a still later revision of the test by the author (illustrated on Plate I). 
The character of Shellow’s evaluation of this test, involving a compari- 
son of men hired prior to testing (1924) and subsequent to testing 
(192S), is shown in Figure 40.*^ 

The most significant feature of this chart is the reduction' shown in 
the number of men discharged because of accidents (the black sector) 
— a decrease from 14.1 per cent in 1924 to 0.6 per cent in 1925. Aside 
from this there has been a marked reduction in turnover in this organi- 

** S. M. Shellow, "Research in Selection of Motormen in Milwaukee,” J. Pers. Res., 4 
(192S), pp. 222-237. 

A. Dewhurst, “Personnel Selected and Trained in Milwaukee on Scientific Basis,” 
Bee. Rlwy. Jour., 67 (1926), pp. 624-629. 
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zation reported by the author. The test with which these results were 
obtained is still in use and giving highly satisfactory service in the 
selection of motormen who can efficiently and safely operate motor 
vehicles and in th^ re-adjustment of experienced operators involved in 
accidents.*® 

EUROPEAN STtJDIES IN THE SELECTION OP MOTORMEN 

The first edition of Munsterberg’s Psychologic und Wirtschaftsleben 
appeared in Germany in 1912. This account of his American experiment 



-Di&chargeol because of acaelenfs 
-Discharged for other reasons 

UNSELECTEO 1924 SELECTED 1929 

Figure 40. Tangible Results from the Use of Scientific Methods in the Selec- 
tion of Motormen 

{After Shellow) 

is the first reference in German literature to the use of tests for the 
selection of motormen. Piorkowski,*® writing in 1915, criticizes Mun- 
sterberg for his failure to test motor responses as well as attention 
qualities in his testing program for the selection of motormen. He points 
out that an individual may be perfect from the point of view of the 
ability to attend to a series of stimuli and still be deficient in the capacity 
to give the selective responses, a capacity which is most important in 
the avoidance of accidents. “It is not enough,” he writes, “that the 
motorman pay consistent attention and that he does not fatigue easily; 

“See Chapter XVIII. 

Piorkowski, “Beitrage *ur Psychologischen Methodologie der Wirtschaftslichen 
Berufseignungi" Z. Ang. Psych,, Beiheft No. 11, Leipzig, 1915, p. 106. 
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be must also be able to react correctly to quick and unexpected in- 
cidents.” Similar criticism is made by other German investigators, and 
the measurement of selective responses characterizes practically ^1 of 
the tests which have been devised for use in the selection of motormen 
in that country. The insistence upon measuring motor responses repre- 
sents, in part, the influence of investigations which had already been 
made in the selection of aviators, chauffeurs, etc. 

Studies by Stern and Sachs 

Experiments in the selection of motormen in Germany were under- 
taken almost simultaneously by a number of investigators.^* Among 
the earliest is an investigation undertaken by Stern,*® in 1917, who gave 
an attention test to 6 women applicants for employment as street car 
drivers. This preliminary investigation served only to indicate more 
clearly the nature of the problem and to suggest the steps to be fol- 
lowed in a second investigation made possible by a special grant 
from the Government to the Hamburg laboratory for this purpose. For 
this second study, started by Bobertag and completed by Hildegard 
Sachs, a special apparatus was designed to test distribution and dura- 
tion of attention to varied stimuli and the consistency of responses to 
expected and unexpected stimuli, some of which require a response and 
others of which do not. The subject stands before an endless black belt, 
which moves continually toward him, representing the tracks as he sees 
them from the front platform of the moving car. Single holes represent- 
ing pedestrians, and double holes representing vehicles are cut in the 
belt. Each of these, when illuminated from below, is considered as a 
signal demanding reaction on the part of the subject. Ther holes can 
be illuminated unexpectedly in four different sections of the frame 
over which the belt runs. The subject’s reaction to each signal is con- 
ditioned upon the distance of the signal from him, whether he responds 
with a pedal (foot), or with the brake (right hand), or with the emer- 
gency brake (left hand) depending upon the distance of the signal both 
in the case of the single light (pedestrian) and double light (vehicle). 
Moreover, unexpected stimuli in the form of lights placed at the sides 
of the room, at varying distances from the subject, also call for reaction 
on his part. In addition there is a colored aperiodic light, the flashes of 
which the subject must count. The examination, which takes 20 minutes, 
lasts long enough, according to the investigator, to introduce the ele- 
ment of fatigue. 

At the time of the first report (1920) the test had been given to 20 
motormen, 10 employed by the Hamburg Street Car Company, and 
10 employed by the Hamburg Altona Central Station. In both cases 
test results were compared with descriptive judgments of the efficiency 

Experiments in this field are described in M. S. Viteles, “Research in Selection of 
Motormen: Survey of the Literature,” J, Pers. Res., 4 (1925), pp. 100-115. 

W. Stern, “Uber eine psychologische Eignungspriifung fur Strassenbahnfuhrerinnen,” 
Z. Ang. Psych., 13 (1918), pp. 91-104. 
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of these men furnished by the street railway companies. In the case 
of the first 10 motormen there is a disagreement between test results 
and efficiency rating in the case of only 1 man. In the second investiga- 
tion ratings agree offiy in the case of 5 men. An analysis of the apparent 
disagreement in t^ case of the other 5 men leads the author to con- 
clude that only in the case of 1 man is there a real disa^eement which 
can be ascribed to the failure of the test as a diagnostic instrument. 

Tests used by the Greater Berlin Tramway Company 

Among the more important German studies in the selection of motor- 
men is one conducted by Tramm of the Greater Berlin Tramway 
Company. Experimental work with tests for the selection of motor- 
men was first started by this company in February, 1919. Following a 
preliminary investigation a series of tests, including tests of fear con- 
trol, vision, knowledge of regulations, and reaction in times of danger, 
was given to 1035 ex-drivers upon their return from the World War. 
On the basis of their scores on these tests 87 per cent were classified 
as “satisfactory”; 6.5 per cent, as “not satisfactory”; and the re- 
maining 6.5 per cent, as in need of additional training. In July, 1919, a 
battery of tests was set up in a newly erected testing room, and has since 
been used in the selection of motormen. 

The tests used by the Greater Berlin Tramway Company require that 
the subject be placed on a driver’s platform fitted with special arrange- 
ments for ordinary and frightening light and sound signals. Before the 
test the candidate is instructed in the operation of the controller and 
brake levers, and in the meaning of signals. In the course of the test 
these signals are given suddenly. Upon their appearance the candidate 
is expected to perform the operation in which he has been trained. 

To test how a candidate will behave in the event of sudden danger, 
the man is placed before a controller handle and, while he is practicing 
with it, he is frightened by a sudden report, a short-circuit flash passing 
before his face. Another test of cold-bloodedness or “nerve” is pro- 
vided by a board painted to represent a miniature track. Electrically 
lighted obstacles suddenly appear on the track, and the “presence of 
of mind” of the prospective motorman is gauged by the rapidity with 
which he turns his dummy controller handle to the off position and ap- 
plies his brakes. 

The battery includes tests of visual acuity, color blindness, and night 
vision. “Steadiness of hand” is tested by requiring the subject to seize 
the handles of two vertical rods which fit with a certain amount of play 
into slots in a metal plate. As long as he keeps his hands quiet, the cir- 
cuit of an electric bell is interrupted. However, as soon as his hands 
begin to tremble ever so little, these rods will touch the edges of the 

K. A. Tramm, “Die Auswahl und Ausbildung des Fahrpersonals fiir Strassenbahnen auf 
paycbotechniscber Grundlage,” Verkehrstechnik, 36 (1919), pp. 25-28; Prakt. Psy., 1 (1919), 
pp. 18-33; and “Die Bewahrung des psychotechnischen Prufverfabren fiir Strassenbabn* 
fObrer, Ind. Psychol., 1 (1924), pp. 36-42. 
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slots, thus actuating the bell, and the candidate must try to keep the 
rods quiet so as to silence it. 

A test with one crank designed like a controller crank, and another like 
a brake lever, both connected so that they turn a disk independently, 
is used for the same purpose. The applicant is asked to turn the disk 
by one crank and then by the other into the various travelling positions, 
without touching the edges of the slot. Whenever he fails to comply 
with this request, an electric bell is sounded. 

Tests of judgment in operation and of technical intelligence are also 
included in the series. The administration of the entire battery requires 
approximately one and a half hours. 

Studies have been made of the reliability and validity of individual 
tests. The “critical” reliability of the entire battery is, according to 
Tramm, “85 to 90 per cent.” In a preliminary evaluation of the tests 
an experimental group of 50 apprentices who were tested before selec- 
tion was compared with a group of 50 apprentices hired without the 
psychological examination. In the first year of employment die motor- 
men in the control group, that is, those who had not been examined, had 
50 per cent more accidents than those in the experimental group who 
had been examined and had passed the psychological test. In the second 
year of employment the experimental group again had 40 per cent less 
accidents than the control group. 

The usefulness of the test is suggested in a report by the Greater 
Berlin Tramway, published in 1922, which attributes a reduction in the 
number of serious accidents from 1.6 to 1.1 and of minor accidents from 
42 to 29 per 1,000,000 kilometers, a decrease of 50 per cent in the 
length of training, a marked reduction in the use of current and the 
cost of repair to the use of psychological tests, improved method of 
training, and a change in organization based upon psychological prin- 
ciples. According to Piorkowski, an economy of over 12,000,000 marks 
(July, 1922) had been achieved in one year through the reduction of 
these costs.^^ 


The Paris Combined Transport Services 

Psychological studies of street car operation in Paris date from 1908 
when J. M. Lahy was commissioned to undertake a study of energy 
consumption.** In 1921 a study of tests devised by Lahy was under- 
taken with the co-operation of the Paris Combined Transport Serv- 
ices which provided an experimental group of 200 motormen. The 
discovery of agreement between test results and ratings on operation led 
to the establishment of a testing center, under the direction of Lahy, 
in which both motormen and bus drivers are tested. 

S. Viteles, “Psychology in Business in England, France and Germany,*’ Ann, 
Amer. Acad, Pol. Soc. Sci., 110 (1923), pp. 207-220. 

J. M. Lahy, La Selection psychophysiologique des iravaUleurs; conducteurs de tram- 
ways et d* autobus, Paris, 1927, pp. 227* 
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The battery used by Lahy includes, like that of Tramm, a series of 
analytic tests supjdemented by a few of the analogous t}^. Tests of 
distributed attention, reaction time, motor suggestibility, emotionality, 
immediate memory, perception of speed, etc., appear in the battery. To 
test the applicant’s ability to estimate speed, the candidate is seated 10 or 
12 feet from, and at right angles to, a long narrow bench on which are 3 
upright pointers indicating vehicles placed at different distances apart. 
These are set in motion, and the candidate is required to make a rapid 
estimate as to the point at which one will overtake the other or where one 
will meet the other. A graduated scale on the bench readily enables him 
to state the point at which he expects this to occur, but its exact loca- 
tion is by no means easy. The promptness and accuracy of the candi- 
date’s reply presumably give a measure of this ability. 

During the candidate’s draining period, he is put through a test on a 
platform placed immediately in front of a large white screen. On this 
screen is projected a street scene taken by a cinema camera from the 
platform of a moving street car. The road winds; people cross in front; 
a taxi darts out from a side street; a man steps right in front of the 
car. The pupil manipulates levers or pedals as required, and his methods 
of reacting are accurately recorded on registering machines connected 
directly with the controls on the platform. The way in which he applies 
the brakes, for instance, when a vehicle is supposed to cross his track, 
is recorded. He may apply a steady even pressure, or perhaps grasp his 
controls convulsively and apply his brake too suddenly. By a com- 
parison of such records with those obtained from a driver of known 
ability under the same conditions, a forecast is made of the candidate’s 
degree of suitability for street car operation. 

As a result of the use of this battery of tests the percentage of street 
car and bus drivers dropped for incompetency either during or sub- 
sequent to training has been reduced from 20 to 3.4. This results in an 
annual economy of 150,000 francs. Drivers hired subsequent to selec- 
tion are responsible for 16.5 per cent fewer accidents than those not 
tested prior to hiring. This represents an annual saving of 1,300,000 
francs.** 

WORK SAMPLE TESTS IN THE SELECTION OF MOTOR VEHICLE OPERATORS 

Recent developments in the selection of motor vehicle operators in 
Europe show a tendency toward the use of more closely anaJogous and 
work-sample tests. This is a part of the general , movement toward a 
type of examination which stresses the totality of personality displayed 
on the job under conditions characteristic of the work.=** This tendency 
is somewhat reflected in an apparatus devised by Rupp,‘^‘ which makes 

^•/bid., pp. XI-XII. 

20 M. Nier, “Der Mensch als Wirtschaftsfaktor im Verkehrsbetriebe ; seine Eignung und 
Anlernung," M. Psychot,, 8 pp. 48-49. 

21 H. Rupp., op. cit., pp. 157-164; 199-220. 
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Apparatus for Practice and Recording Practice in Street Car Operation 

(After Nier) 




Pl-AXE VI 



I^oc per intent at Set-Up for Measuring the Phys- 
iological Cost of Work 

{After CroTvden) 
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use of a print showing streets winding between rows of houses, over 
hills, through woods, etc., attached to a slowly rotating drum. The sub- 
ject is required to thread his way along the street (for 30 mins.), using 
a pencil manipulated by steering wheel, to indicate the pathway. The 
problem is to avoid obstructions, to take curves without running into 
the sidewalk (as indicated by the pencil mark), to respond to incidental 
signals, etc. 

An even closer approeich to the actual driving situation is favored 
by Poppelreuter who has used a miniature “elektromobil,” large 
enough to hold the operator, to analyze individual tendencies in the 
operation of a motor vehicle. Such behavior tendencies — a reflection of 
the way in which “speed” and “accuracy” are integrated — ^are revealed, 
according to Poppelreuter, in the course of learning how to operate the 
elektromobil under simple traffic conditions, and in a laboratory test in 
which the subject is required to steer a pencil across a moving paper 
representing an approaching street. 

Poppelreuter distinguishes among such driving t 3 ^es as “direct,” 
“worried,” “differentia,” each of which can be recognized by a skilled 
observer as the subject practices in the elektromobil and through an 
evaluation of records on the laboratory apparatus. Although no sub- 
stantiating data is presented, the investigator claims satisfactory re- 
sults in three separate studies. 

The “totality method” in the selection of motor vehicle operators 
finds its most recent expression in a procedure devised by Nier who 
requires the subject to react on dummy control, etc., to visual and audi- 
tory stimuli recorded on a talking film (Plate V), which duplicates 
essentially those appearing in street car operation. Every response of 
the subject is recorded on a master sheet, attached to a moving drum, 
which permits a comparison of actual response with optimal reaction. 
(Figure 41.) Training under these conditions becomes, according to 
Nier, a procedure by which individuals who at first seem to have in- 
adequate competency for safe and economical operation can be de- 
veloped into satisfactory operators.*® Substantiating data on reduction 
of accidents and decreased energy consumption is offered in defense of 
this technique which is based, as is apparent, on the assumption that 
training serves to eradicate individual differences. 

THE SELECTION OF AUTOMOBILE OPERATORS 

A few of the tests described above have been used in the selection 
of auto drivers as well as motormen. In addition, a number of studies 
have been limited to this type of motor vehicle operation. The earli- 
est — and most extensive of these — is a project developed by Moede 

Poppelreuter, “Beitrag zur Analyse der Fabrer-Lenker-Tatigkeit imd denn 
Begutachtung,” Psychol. Z., 4 (1929), pp. S3-64. 

M. Nier, op. cil., p. 96. 
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and Piorkwiski during the World War, in which 24,000 drivers were 
examined in 14 centers. The test involved selective response to a series 
of lights, noises, etc. This is perhaps the original test of this type, al- 
though other investigators have independently adopted the same pro- 



Figuke 41. Learning Curves in the Operation of Motor Vehicles 
{After Nier) 


cedure in testing drivers of motor vehicles. No direct evidence on vali- 
dation is presented although one of the investigators reports that 20 
per cent of subjects submitted to the test were rejected as incompetent. 

Experiments with Taxicab Drivers 

A number of studies of automobile operation have been concerned 
with taxicab drivers. Among these is an investigation by Snow under- 
taken in approximately 1925 for the Yellow Cab Company of Chi- 
cago,^^ The study started with a job analysis of taxicab operation and 

MW. Moede, “Fahrerpruf ungen Kraftfahrer-Eignungspriifungen bein deutschen Heere, 
1915-1918 ” Ind. Psychol., 3 (1926), pp. 23-27. 

■» A. J. Snow, “Tests for Chauffeurs,” Ind. Psych., 1 (1926), pp. 30-45. 
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a survey of accident records of 3000 drivers over a 6 month period. As 
a result of this drivers were classified into “accident groups,” accord- 
ing to frequency, and each group was in turn studied. Through this 
survey and by interviewing men involved in accidents, accidents were 
classified into types, such as those caused by recklessness, carelessness, 
emotional instability, lack of foresight, physical defects, etc. It was 
then undertaken to detect men likely to have each of these different 
types of accidents. The tests ultimately developed for this purpose in- 
cluded the following: (1) intelligence test, (2) emotional stabUity 
(fear-reaction-time) test, (3) recklessness test, (4) carelessness test, 
(5) simple reaction test, (6) multiple reaction test, (7) judgment of 
speed and distance of moving objects, (8) muscular resistance test, and 
(9) fatigue test. 

At the time of the investigator’s report (in 1926), only the “intel- 
ligence” and “emotional stability” tests had been satisfactorily 
standardized and evaluated. In one study the investigator gave these 
two tests to 311 applicants and predicted, in a report to the officers of 
the company, which of these new employees would have most accidents 
and which would not remain long in the company’s employ. The Legal 
Department kept a record of the history of this group for a period of 
10 weeks. The history of this group and the percentage satisfactory 
prediction made on the basis of the examination are shown in Table 
32. The effect on the accident record of the entire company operation 
through the use of these two tests is shown in Figure 42. 

At the time this study was reported the investigator was undertak- 
ing an ambitious program for the further evaluation of these tests and 
for the standardization of the remaining tests in the battery. However, 
no further data has been made available, presumably by reason of the 
investigator’s separation from this company and the discontinuance of 
the work. 

Another investigation in the field of taxicab operation has been re- 
ported by Wechsler who has made use of a battery including ( 1 ) a 
group paper test {It), measuring general intelligence, and (2) an indi- 
vidual performance test {D and De), intended to measure the driver’s 
alertness of attention, carefulness, and quickness of reaction under dis- 
tracting stimuli. On this test the subject is seated in a dummy car and 
instructed to react in a stated way to lights of different colors flashed 
at irregular intervals. Reactions are automatically recorded on electric 
counters which total each type of response separately. The number of 
correct responses gives an index of alertness and speed of' reaction, 
while the number of errors constitutes a measure of carelessness. The 
duration of this test is 15 minutes. 

The tests were validated by comparison of scores (35 cases for D 
and De test; 135 cases for It test), with number of merits received 


D, Wechsler, “Tests for Taxicab Drivers,” /. Pets. Rts., S (1926), pp. 24->30. 
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over a “given period of time/^ number of accidents during the same 
period, average daily revenue, and revenue per cab-mile. 

The performapce test {D and De) was found to be the most effective 
in selecting men having the fewest number of accidents. For example, 



A. Comparative taxicab miles in Chi- 
cago. This shows the increase in 
business, or miles of cab operation 
by the Yellow Cab Company of 
Chicago in the first four-months 
periods of 1923, 1924, and 1925. 

A comparison of this chart with 
B. shows that, although the cab 
mileage showed a large increase, a 
proportionately much greater de- 
crease in the number of accidents, 
particularly between 1924 and 
1925, occurred. 


B. Taxi-cab accident rate during first 
four months of three years. The 
rapid and continuous drop in 1925 
began immediately following the 
application of psychological tests 
to all applicants for driver jobs 
beginning January 1. During Jan- 
uary only 400 out of 5,000 em- 
ployees had been selected by tests 
but by the end of April, practi- 
cally half of the drivers were 
tested men. 


(After Snow) 


men failing on this test (having 5 or .more errors) averaged 3.0 ac- 
cidents per man over a given period as compared with 1.3 accidents per 
man of those who passed the test: 46.1 per cent of the men having 0 
errors on the test had no accidents during this period, while 18.8 per 
cent of those having 1 to 3 errors had no accidents, and only 12.5 of 
those having 4 or more errors on the test had no accidents during this 
period. Similar results were revealed by comparing the drivers^ scores 
and their superintendents’ ratings. Those rating high on carefulness 
and safety in operation generally made the best test scores. 

Those drivers with the greatest number of accidents were found to 




TESTS IN TRANSPORTATION INDUSTRY 30S 


have the slowest reaction time on the performance test. Men with the 
fastest reaction time tended to have a great many accidents. This was 
interpreted as an indication that those who are very quick are liable 
to take chance.s because of over-confidence, and thus risk accidents. 

TABLE 32 


CLMsmcATioir 


ACODENTB 




Unsatisfactory Group 
Group That will Not 
Stay Long 
Satisfactory Group 


34 8 5 21 26 7 

19 1 6 12 3 0 
258 10 SO 198 SO 19 


9 17 10 1.00 64 38 19 

2 6 0 0.16 33 0 33 
24 84 32 0.20 33 12 20 


* This tabulation does not include accidents which are "questionable” or "no liability.” 

(After Snow) 


In comparing the group paper test scores with earnings, it was found 
that men having higher test scores tended to have greater daily revenue 
up to a certain point. Revenue began to decrease in the case of men 
making the highest scores, indicating that a man of superior intelli- 
gence who takes to cab driving as a profession is likely to have some 
special limitations. When test scores were compared with revenue per 
cab-mile it was found that on the average there were two inefficient driv- 
ers among the men making low scores to every one among those mak- 
ing high scores. 

In reporting his findings the investigator states that in the analysis 
of results only the scores of the “old” men or such samples of them for 
which there were available “sufficiently complete” records were used.®^ 
Inasmuch as 250 men were tested, and only 135 included in the evalua- 
tion of It test and 35 in the evaluation of D and De test, it is evident 
that, particularly in the case of the latter, there has been a good deal 
of unexplained selection of cases. Moreover, the investigator gives no 
indication of the length of the “given period” considered in the evalua- 
tion of accidents, earnings, etc. — an inexcusable omission in the 
presentation of scientific data on vocational selection. 

Among other studies of taxicab operation is an investigation by Moss 
and Allen,®* who included taxicab drivers in a group of subjects in- 

Ibid., p. 26. 

** F. A. Moss and H. H. Allen, "The Personal Equation in Automobile Driving,” /. Soe. 
Auto Eng., 16 (1925), pp. 41S-428. 
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yestigated for the purpose of determining reaction time under operat* 
ing conditions. The author has standardized his Motorman Selection 
Test for use in hiring taxicab drivers, but the evaluation data is not 
available for publication. 


THE EXAMINATION OF OTHER TRANSPORTATION WORKERS 

In contrast to the United States, where the railroads appear to be 
somewhat backward in adopting improved selection methods, the rail- 
ways of Europe — particularly in Germany and Russia — have been 
among the first to make use of psychologic^ tests in selecting locomo- 
tive engineers, yardmen, repairmen, station employees, etc. Although 
space does not permit a description of methods and results in this field, 
it is interesting to note that tests for locomotive engineers have been in 
continual use for the State Railway of Saxony since 1917, with ex- 
tremely satisfactory results.^® Tests for locomotive engineers resemble 
those used in the examination of motormen and automobile operators, 
although material and methods are adapted to the steam railway situa- 
tion. Other railway systems have followed the State Railway of Saxony 
in adapting these procedures and have extended them to other employees 
so that at the present time in Germany there are numerous centers 
participating in the examination of railway employees.®® 


A. Schreiber, “Das PrUflaboratorium fiir Berufseignung bei den Koniglich Sachsischen 
Staatseisenbahnen/* Z, Ver. D. Ing., 1918, pp. 446-54. See also Prakt. Psych., 2 (1921), pp. 
232-239; A. Glasel, “Von der Dresdener Prufstelle der Reichsbahn,” Prakt. Psy., 4 (1923), 
pp. 337 ff. 

R. Couv6, “Psychotechnische Eignungspriifung von Eisenbahnverkehrsbeamten,’* Ind. 
Psychol., 1 (1924), pp. 22-29; Die Psychotechnik itn Dienste der Deutschen Reichsbahn, 
Berlin, 1925; C. Heydt, “Eignungsuntersuchungen fur Eisenbahnbeamte der As&istentlauf- 
bahn und des Stellwerkdienstes,” Ind. Psychot., 3 (1926), pp. 367-72; “Eignungsunter- 
suchung und Personal wirtschaft bei der Deutschen Reichsbahn,'* Ind. Psychol., 7 (1930), 
pp. 136-142; B. Schwarze, Die Personal Ausbildung bei der Deutschen Reichsbahn, Berlin, 
1928, pp. 742. 



XV, TESTS FOR OFFICE OCCUPATIONS, 
TECHNICAL AND SUPERVISORY EMPLOYEES 

TESTS FOR OFFICE OCCUPATIONS 

A large proportion of early investigations on the use of tests in vo- 
cational selection in the United States was concerned with tests for 
office occupations. In 1924 Kornhauser and Kingsbury felt free to 
write that “greater progress has been made in the use of selective tests 
for office occupations ^an for any other class of vocations.” ^ More 
recently there has been an apparent dearth of interest in such tests, 
following possibly from difficulties in developing satisfactory objective 
criteria which face the investigator in this field.* In general, as Ander- 
son ^ has pointed out, amount of work and number of errors are the 
only available objective measures. In most cases these are difficult to 
obtain because employers rarely keep such records in the case of cleri- 
cal workers. As a result, investigators have had to depend upon ratings 
by immediate supervisors. This criterion is generally unsatisfactory. It 
is particularly unsatisfactory on the office job, where actual efficiency 
at work is so easily over-shadowed by personal qualities of the worker, 
which impress the supervisor, although they play little or no part in 
determining proficiency. Whether or not this difficulty has discouraged 
investigators, it has had a most marked adverse effect upon the validity 
of results obtained in research programs on office jobs. However, in 
spite of this and in spite of current lack of interest in this field, 
progress has been made in the development of tests for office occupa- 
tions. Such tests may be broadly classified into two groups: (1) gen- 
eral clerical tests, and (2) tests for specific occupations. 

GENERAL CLERICAL TESTS 

The general clerical test is designed to measure abilities which are 
presumably common to many forms of clerical work. Certain ex- 
ponents of so-called general clerical examinations recognize that they 

^A. W. Kornhauser and F. A. Kingsbury, Psychological Tests in Business, Chicago, 
1924, p. 82. 

2 C. S. Yoakum, and M. A. Bills, “Tests for Office Occupations,” Ann. Amer. Acad. Pol. 
Soc. Sci. 

*R. N. Anderson, “Measurement of Clerical Ability, A Critical Review of Proposed 
Tests,” Pers. Jour., 8 (1929), p. 242. 
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may be dealing with what is essentially general intelligeiKe, measured 
by a test phrased in the context of clerical occupations. So, for ex- 
ample, Thurstone has stated his disbelief that “office work has any 
special abilities that have so far been demonstrated” and has confined 
himself to the development of an examination with “an appropriate in- 
telligence level and content that appeals to the applicant for an office 
position. This reduces itself to the same type of problem that is found 
so frequently in preparing vocational tests; namely, the preparation 
of an intelligence test out of relevant content.” * 

Toops has shown a leaning toward the same opinion in his state- 
ment that “it may well be that general intelligence, which functions 
so highly in the acquisition of success in grade school work, functions 
equally well in its acquirement of those things considered essential in 
a business college. Likewise, a high degree of general intelligence may 
make possible a short learning period for acquiring proficiency in a 
business occupation; it may even be a minimum essential for entrance 
to some of the higher level clerical occupations.” ® Toops further recog- 
nizes that the high correlation between his tests of “general clerical 
ability” and success in business school work in stenography, typing, 
and bookkeeping may actually be due to its value as a measure of 
ability to deal with ideas rather than to its value as a test of ability to 
deal with clerical items and procedures. At the same time, following 
Thorndike,® he still makes use of the concept of general clerical abflity, 
or the ability to deal with clerical items as though it were something 
distinct from general intelligence. 

Other investigators still adhere even more firmly to the concept of 
clerical aptitude as a unique trait or combination of unique traits 
which has nothing in common either with mechanical ability or other 
traits that are most important for success in non-office occupations. 
This, for example, is very apparent in a recent investigation by Andrews 
at the University of Minnesota, involving a test {Minnesota Clerical 
Checking Test) which apparently measures aptitude for general cleri- 
cal work. Low correlation with standard intelligence tests is cited as 
evidence that “the test is measuring a unique trait in which academic 
intelligence is conspicuous by its absence.” ^ 

THE MEASUREMENT OF GENERAL CLEWCAL ABILITY 

(1) Link's Battery of Clerical Tests 

Among the earliest tests for general clerical ability is a battery, pre- 
pared by Link, divided into two groups, (1) tests for technique, in- 

^L. L. Thurstone, “Standardized Tests for Office Clerks,” /. App. Psych., 3 (1919), pp. 
248-251. 

® H. A. Toops, Tests for Vocational Guidance of Children Thirteen to Sixteen, New York, 
1923, p. 109. 

® See Chapter VIII, pages 131-32. 

^ Cited from M. Pond, “What is New in Employment Testing?” Pers. J., 11 (1932), pp. 
11-12. See also CbApter Vlll, pages 132-33. 
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duding (a) motor steadiness, (b) simple arithmetical calculations, (c) 
card-sorting, (d) substitutions; and (2) tests for itUeUigence, indud- 
ing (a) Woodworth-Wells Hard Directions, and (b) Analogies. 

After a preliminary try-out the tests were given to 935 derks. In- 
formal ratings on progress, obtained every month for a period of 3 
months on 188 test cases, showed the following percentages rated as 
“good” at the end of each period: 

At the end of one month 75% 

At the end of two months 89% 

At the end of three months 92% 

Although there are technical weaknesses in this validation procedure, 
which are recognized by the investigator, the study is of interest from 
the viewpoint of method and of numbers involved. Inddentaljy, it is 
interesting to note the conclusion reached by Link that “one of the 
most valuable features of the systematic follow-up was to reveal dis- 
crepancies between particular tests and particular types of work, and 
thereby point out the need for a more careful study of the varieties of 
clerical work and, at the same time, a more careful adaptation of 
specific tests to meet these varieties.^ 

(2) The Thur stone Clerical Test 

Among other early tests for general clerical work is an examination 
devised by Thurstone,® consisting of 8 parts as follows: — 

1. Checking errors in addition and subtraction. 

2. Underscoring incorrectly spelled words. 

3. Attention test — cancelling four letters, X, Z, U, C. 

4. Code-learning test. 

5. Arranging names alphabetically under designated cities. 

6. Classification of insurance policies. 

7. Arithmetic test, including addition, subtraction, multiplication, 
fractions, and percentage. 

8. Proverbs test — requiring the subject to match 10 proverbs with 
10 other proverbs so that the two proverbs in each pair will have the 
same meaning. The examination with items arranged in omnibus form, 
has a maximum time limit of 90 minutes. 

In a preliminary evaluation the test was given to 100 employees ol 
a large insurance company, ranging from minor executives 'to office 
clerks doing routine work. The employees were then rated in S classes 
with respect to grade of office work. The grade of work done by these 
employees correlated as follows with: 

^ H. C. Link, Employment Psychology, New York, 1919, p. 86. Italics by the author. 

B L. L. Thurstone, op, cit. 
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ZEKO-OSDKR MULTIPLE 

CORBELATIONS COBBELATIOMS 


Accuracy in test 

SO 

Accuracy and speed 

... .61 

Speed in test 

.... .42 

Schooling and age 

... .52 

Schooling 

47 

Accuracy, speed, and 


Age 

• • • • *33 

schooling 

a • • *64 


Accuracy, speed, 
schooling, and age 67 

In a later study a comparison was made between test scores and 
the efficiency of 500 clerks in a government office. Ratings by super- 
visors, civil service efficiency ratings, record of education, and a record 
of salary were combined into a single standard of job accomplishment 
in making this comparison. Clerks who were above average on this 
joint criterion were called good; those below average, poor. According 
to the investigator, the relationship shown in Table 33, representing 
the status of 20 reviewing clerks, was found to hold approximately for 
the entire clerical force. 

(3) General Clerical Tests in the United States CivU Service 

A somewhat different development in the way of a general clerical 
examination is the test devised under the direction of O’Rourke, for 
use by the United States Civil Service Commission. One of the first 
tasks undertaken by the Research Section,^ ^ following its establish- 
ment in 1922, was to revise the general clerical examination then in 
use.^* The items included in the final revision covered: spelling, pen- 
manship, arithmetic, miscellaneous clerical activities, true-false test or 
location of cities, similarities, alphabetical classification, apparatus, 
analogies, checking, and numbering items according to a code classifi- 
cation. 

The validity of the test was investigated by comparing the test 
scores of 90 clerks with 3 independent ratings on efficiency, on the 
basis of which the employees were classified on a 1 to 7 scale. No clerk 
was selected whose 3 efficiency ratings differed more than one point on 
the scale. The correlation between revised scores and efficiency ratings 
proved to be .64. Age was found to have no influence on test scores. 
The correlation between experience and efficiency proved to be 0.22. 
These results led to the adoption of the test for use in examining ap- 
plicants for government clerical positions. 

It is evident, from the description of the examination, that it in- 
cludes many items more indicative of educational achievement than of 
underlying ability. In many respects it resembles a “trade” more 
than an “ability” test. This is of course recognized by the investigators 

“Testing Men Like Material/’ Factory, (1923) , pp. 294-5. 

11 For brief history of the development of the Research Division see page 317. 

12 H. A. Filer and L J. O’Rourke, “Progress in Civil Service Tests,” /. Peri. ISei., 1 (1923), 
pp. 434-520. 
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who, however, stress the fact that this “cross section” of the more 
typical of clerical duties constitutes a general clerical examination of 
high predictive value in the selection of employees for this type of 
work. In fact, it is found to be a “better index of clerical ability” 
than the combined factors of education and experience. 

The original test has undergone revision since 1922. So, for example, 
on the basis of a study of 1000 papers and of additional examinations 
administered to the 90 clerks from the Civil Service Commission’s 
office (experimental group) new material was developed which prom- 
ised forecasting efficiency represented by a coefficient of .70. More- 
over, the principle of the general clerical examination has been ex- 
tended to the development, among others, of a “general test,” to be 
described below, that has been found useful in predicting the efficiency 
of typists and stenographers. 

TESTS FOR SPECIFIC OFFICE OCCUPATIONS 

(1) Typists and Stenographers 

The selection of typists and stenographers involves the use of both 
“trade” and competency tests.'* The former are employed to measure 
proficiency in typing and dictation; the latter to measure general 
adaptability to the office situation and ability to perform certain 
specialized tasks. Inasmuch as industry does not undertake to give 
training for these types of work, prediction of typing and stenographic 
“ability” or “aptittide” is not a problem in vocational selection. For 
this reason, the author will not consider important investigations by 
Lahy,'® Bieneman,'® Tuttle,” Muscio and Sowton,'® Runge,'* 
Rogers,®® and others, designed primarily to measure ability to profit 
from training and to become proficient in these activities. 

Trade Tests in Typing and Stenography 

Trade tests in typing and stenography generally consist of appropri- 
ate material to be copied or transcribed from dictation under pre- 
scribed conditions. Characteristic of this type of test is the Army 

“ Ibid., p. S16. 

For a general review of studies and of available tests see M. Freyd, “Selection of Typists 
and Stenographers; Information on Available Tests,” J. Pers. Res., 5 (1927), pp. 490-510. 

J. M. Lahy, “Les Conditions psycho-physiologiques de TAptitude au Travail dactylo> 
graphique,” J. Psych. Path. Gen., IS (1913), pp. 824-35. 

D. Bieneman, “Ability in Typewriting in Relation to Vocational Guidance,” Int. Lab, 
Off. Series J., No. 2, Geneva, 1923, pp. 46. ' 

W. Tuttle, “The Determination of Ability for Learning Typewriting,” J, Educ, 
Psych., 14 (1923), 177-81. 

Muscio and S. C. M. Sowton, “Vocational Tests and Typewriting,” Brit, J, Psych., 
13 (1923), 344-69. 

Runge, “Eignungspriifung und Wettbewerbleistungcn von Schreibmaschinisten,” 
Ind. Psychot., 3 (1926), 129-40. 

H. W. Rogers, “Some Empirical Tests in Vocational Selection,” Arch, of Psych., No. 47, 
(1922), pp. 47. 
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TABLE 33 


TEST SCORE 

PERCENTAGE WHO ARE GOOD CLERKS 

20-39 

9 

40-59 

33 

60-79 

45 

80-99 

63 

100-119 

87 

120-139 

100 

Trade Test for typist,®^ 

consisting of approximately 300 words with 


instructions to type as rapidly as possible, with a minimum number 
of mistakes. The score is obtained by adding the number of errors to 
the number of minutes required for copying and multiplying by 10. 
Applicants with scores from 0 to 85 with not more than 5 errors are 
rated as Experts; 0 to 86 inclusive with more than 5 errors, Journey- 
men; 87 to 115 inclusive. Apprentices; 150 and above, Novices. 

The Army test for stenographers is a sheet containing two para- 
graphs (approximately 400 words) of abstract material, which the 
subject copies in shorthand and transcribes as quickly as possible. 
Number of errors added to the time (in minutes) for copying and 
transcribing, multiplied by 10 constitutes the final score. Standards for 
grading the applicant in terms of expert, journeyman, apprentice, and 
novice are provided. 

Link®* has employed a letter consisting of 150 five-space units in 
selecting typists. In examining stenographers the same letter is dic- 
tated to the applicant who transcribes it from shorthand notes. Time 
and accuracy are combined in scoring. 

Tests of proficiency in typing from plain copy, from tabulated copy, 
and from rough draft, are being employed by the author in selecting 
typists. In administering the tests the author has followed O’Rourke 
in requiring applicants to copy as much as they can in a certain time, 
instead of following the traditional procedure of presenting a certain 
amount of material and making a record of the time required for copy- 
ing such material. For measuring proficiency in stenography three 
letters are dictated at the fastest rate- at which the subject can take 
the letters. Each is graded by subtracting from 200 the number of 
15 second periods of transcription, plus twice the number of 15 
second periods of dictation, plus the number of errors in punctua- 
tion and capitalization, plus twice the number of corrected errors, plus 
three times the number of other uncorrected errors. Norms for toth 

J. C. Chapman, Trade Tests, New York, 1921, pp. 319-321. 

Ibid., pp. 322-324. 

H. C. Link, op. cit., pp. 88-102. 

2* L. J. O’Rourke, Annual Report of Director of Research, V. 5. CivU Service Comm., 
Washington, 1930, p. 39. 
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typing and stenographic tests have been established by examining 
over 100 tj^ists and stenographers employed by the Philaddphia 
Electric Company.*® 

Burt*® has used two shorthand tests, one for measuring speed in 
taking dictation and the second testing accuracy in taking unfamiliar 
words. Tests for typists include typing from memory, from copy, from 
corrected copy, arrangement on page, tabulation, and copy from il- 
legible handwriting. Applied to 30 stenographers employed in a Gov- 
ernment office the shorthand tests correlated 0.79 and typing tests 
0.60 with activity criteria. 

An interesting departure in proficiency tests for stenographers has 
recently been made by O’Rourke, who has trained examiners to dic- 
tate at constant rates of speed so that this part of the test may be 
given under absolutely standard conditions. Although interesting from 
a methodological viewpoint, the procedure has little to commend it 
for ordinary industrial usage, since speed and accuracy in transcrip- 
tion are much more important in determining ultimate proficiency 
than the rate at which notes are taken. However, it may be possible 
that a minimum dictation rate is a factor to be considered in the 
development of such tests. 

Competency Tests in Typing and Stenography 

Typists and stenographers in most offices are engaged not only in 
duplicating material and in transcribing notes but are required to 
perform many other duties. For this reason tests of general adapta- 
bility and of competency for specialized tasks must be combined with 
trade tests in forecasting success or failure of applicants for employ- 
ment. Link ** has combined substitution, spelling, context, and gram- 
mar tests with measures of proficiency in selecting stenographers 
Shellow*® recommends an intelligence test with subject materia) 
germane to problems with which stenographers must deal and re- 
ports a correlation of 0.73 between such a test and rankings of 24 
stenographers by an examiner who knew their work at first hand and 
who took into account salary earned, difficulty of work handled, 
opinions of department heads, etc. 

A striking illustration of the use of a test for predicting efficiency 
in the general activities of the typist and stenographer is found in the 
recent work of O’Rourke,*® who has made use of a general test to 
determine whether typists possess judgment and have a knowledge 

/ 

A report on these tests is in preparation for publication. 

C. Burt, “Tests for Clerical Occupations,” J. Nat. Inst. Ind. Psy., 1 (1921), pp. 23-27; 
79-81. 

2^ H. C. Link, op. cit., pp. 88-102. 

28 S. M. Shellow, “Intelligence Test for Stenographers,” J. Pers. Res., 5 (1926), pp. 305- 
308. 

20 L. J. O’Rourke, Annual Report of the Director of Research, U. S. Civil Service Comm., 
Washington, 1930, pp. 36-^9. 
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of grammar and spelling. This test is made up of 80 judgment, 
vocabulary, reading, comprehension, spelling, and grammar items. 

In one study this test was given to 51 stenographers and typists 
employed in a large industrial organization. A comparison of . test 
scores and efficiency ratings revealed a correlation of + 0.7 1 between the 
two. Of 25 per cent who made the highest scores approximately 90 
per cent were above the average of the group in efficiency. Another 
study of 80 stenographers and typists employed by one of the largest 
industries in this country gave a correlation of -f 0.76 between the 
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Figure 43 . Relation Between Scores on General Test {Represented by Hori- 
zontal Bars) and Efficiency Ratings {Represented by Shading), Study oj 
80 Stenographers and Typists 

{After O'Rourke) 


general test scores and efficiency. The relationship between the two 
is shown in detail in Figure 43. 

Results on this test, as is evident, are clearly influenced by educa- 
tional achievement. However, it may be very well, as O’Rourke has 
informally suggested, that the examination of this influence is more 
important in predicting success in many forms of office work than 
the measurement of underlying abilities of the type tested by the 
usual “general intelligence test” or ^general clerical” examination. 
On the other hand, a correlation of + 0-72 ± .03 found by die author 
between the Otis test and an examination such as that employed by 
O’Rourke (119 subjects) suggests that the latter may actually tap 
somewhat the same traits as are measured by the ordinary general 
intelligence test. 


(2) Other Office Occupations 

Comparatively little work has been done in prediction for particular 
office jobs other than those of typist and stenographer. Preliminary 





TESTS FOR OFFICE OCCUPATIONS 31S 

experiments on comptometer operation are reported by Link who, 
in one study, gave a series of tests to 3 groups of approximately 140 
operators of computing machines, 120 applicants for this work, and 
80 pupils entering a class for instruction in the operation of calculat- 
ing machines. Aside from a proficiency test in machine operation, a 
mental alertness and a test requiring a substitution of numbers ac- 
cording to a code were found most useful. However, evaluating data 
is reported only in the case of 12 individuals. It is interesting that no 
correlation between general intelligence and efficiency was found in 
this study. Further work on comptometer operation has been done by 
B01s.»^ 

Procedures for employing a standard battery of tests and varied 
weightings for the selection of auditing clerks, sorting clerks, posting 
clerks, have been described by the author,®* but there has been in- 
adequate follow-up on this battery. 

Marcus has compared scores on a battery of 9 tests with the per- 
formance of 130 Hollerith machine operators. The battery included 
the following tests: (1) Cancellation (cancelling A’s); (2) Opposite 
(given a word, to write its opposite); (3) Whole part (given an ob- 
ject, to write some part of that object); (4) Substitution (100 goe- 
metric forms — ^random distribution, to write in each form a mmber 
according to a code); (5) Directions (the task being to obey com- 
plicated directions); (6) Number Checking (to draw a line through 
every number containing both 5 and 9; (7) Completion (fill in the 
words of mutilated sentences); (8) Verb Object (given a verb to 
write its object); (9) Logical sequence (given a paragraph with 
sentences disarranged, to put them in proper order). 

Test scores were compared with a criterion of efficiency obtained 
by multiplying speed and accuracy. In computing the criterion — 

(1) A daily output of 3200 cards was considered 100 per cent 
speed. 

(2) Total absence of errors was considered 100 per cent accuracy. 

(3) Fifty was deducted from the actual output of cards for every 
error with a proportional drop in the speed rating. 

(4) The final per cent rating was obtained by dividing “revised 
speed rating” by the “actual speed rating.” 

The following correlations were obtained by grouping tests into 
batteries. (Table 34.) 

In a more recent investigation Monroe and Raphael ®® applied tests 
of (1) immediate memory for numbers, (2) concentration of cdtention, 

H. C. Link, op, cit., pp. 88-102. 

M. A. Bills, ''Methods for the Selection of Comptometer Operators and Stenographers,” 
J. App. Psych., 5 (1921), pp. 275-283. 

M. S. Viteles, “Job Specifications and Diagnostic Tests of, Designed for the Auditing 
Division of a Street Railway Company,” Psych. Clin., 14 (1922), pp. 83-105. 

M. S. Monroe and W. Raphael, “Selection Tests for Clerical Occupations,” J. Nat*l 
Inst., Ind. Psych., 5 (1930), pp. 134-135, 
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TABLE 34 


Team 3 (134 cases) Tests 

r 

P.E. 

4 — 7-^9 

Team 5 (134 cases) Tests 

453 

.04$ 

2 3 4—7 9 

Team 6 (138 cases) Tests 

448 

.045 

1 2 3—4 7 9 

373 

.05 


(3) intelligence, to 15 experienced Hollerith machine punchers. A 
comparison of test scores with number of cards punched during 6 
months previous to date of testing gave a correlation of 0.60 + 0-01. 
The tests were particularly helpful in picking out 4 of the 5 poorest 
punchers. Couv6 likewise reports satisfactory correlation on a bat- 
tery of 8 tests with the performance of 31 Hollerith card operators. 

(3) Supervisory Occupations 

Supervisory jobs have been considered in a few studies. In one, a 
mental alertness test was given to 28 minor executives in a clothing 
manufacturing establishment. Close agreement is reported between 
test scores and ratings provided by 6 superior executives.*® However, 
this finding is not confirmed in a somewhat more recent study by 
Bingham and Davis,** in which no agreement was found between 
experience records containing personal information about 73 business 
executives attending a conference on financial statistics and the results 
of an intelligence test. 

Still more recently Beckman and Levine, of the Cincinnati Civil 
Service Commission, have employed the AUport A. 5. Reaction Study, 
a short form of Personality Inventory C-2 and a Directions Test, in 
an attempt to predict supervisory ability. The experimental group 
included 29 city executives (including the city manager, department 
heads, and bureau chiefs) and a control group of 31 water meter 
readers. Various efficiency ratings were employed as criteria. On the 
basis of a correlation of 0.33 between unofficial ratings by the Director 
of Personnel and scores on the AllporJ test the conclusion was reached 
that this test has value in selecting executives. The surmise is also 
made that “had the Personnel Office been more intimately acquainted 
with the executives and their abilities, it is possible that a higher cor- 
relation would have resulted.” *’ On the basis of somewhat similar 

R, Couvfi, “t)ber die Untersuchung des Lochkarteopersonals bei der Deutschen Reichs- 
bahn/» Ind. Psychol., 4 (1927), pp. 91-93. 

W. D. Scott and R. C. Clothier, Personnel Management, Chicago, 1923, pp. 643. 

8®W. V. Bingham and W. T. Davis, “Intelligence Test Scores and Business Success/* 
/. App. Psych., 8 (1924), pp. 1-22. 

•7 R. 0. Beckman and M l«vine, “Selecting Executives,” Pers. 8 (1930), p. 419. 
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data the conclusion was reached that the Personality Inventory is 
better for selecting water meter readers. 

It is evident from the resiflts which have been cited in the case of 
supervisors, as well as on other office occupations, that the record of 
accomplishment in this field is not a brilliant one. 

SELECTION OF EMPLOYEES FOE PUBLIC SERVICE 

Recent years have witnessed a growth of interest both in the United 
States and Europe in the application of psychological tests in the 
selection of government employees. The importance of this is perhaps 
evident in the fact that the annual payroll of the United States Execu- 
tive Civil Service in 1926 amounted to more than $800,000,000.®* 
Recognizing the significance of improved methods in selection as a 
possible means of promoting proficiency, the United States Civil Serv- 
ice Commission took steps as early as 1917 to determine the ap- 
plicability of psychological methods in devising tests for applicants for 
Civil Service positions. Thorndike and Scott were consulted on this 
problem in that year. Yerkes carried out a preliminary experiment in- 
volving the application of the Army Alpha to 100 clerical employees 
shortly after the War. In April, 1919, another preliminary experiment 
was carried out in the Baltimore Post Office under the direction of 
Watson. Following a survey of the Commission’s examination methods 
by Rural in 1920, there was established, in 1922, a Research Section 
of the United States Civil Service Commission which since the date of 
its inception has been under the direction of L. J. O’Rourke. 

Selection of Mail Distributors 

In considering clerical tests some reference has been made to the 
work of this section. A brief discussion of an investigation in the 
selection of mail distributors for the Postal service will serve further 
to illustrate the achievement of psychological tests in improving selec- 
tion in the Civil Service. In normal times approximately 15,000 to 
20,000 distributors are hired each year. These, together with the rail- 
way mail clerks, represent the greater part of the 310,000 postal 
employees.*® The mail distributors must memorize from 2000 to 5000 
city names and keep constantly in mind changes in the distribution 
schedule.*^ Working at a normal rate the average number of letters 
distributed by this worker is approximately 1300 per hour. 

A preliminary job analysis in 1922 led to the development of 3 
tests for a try-out in the selection of mail distributors. (1) In the 

L. J. O’Rourke, “Saving Dollars and Energy by Personnel Research,*’ J, Pers, Res., 
4 (1926), p. 351. 

»» H. A. Filer and L. J. O’Rourke, op. cU., pp. 484-489. 

L. J. O’Rourke, A New Emphasis in Federal Personnel Research and Administration, 
Washington, 1930, p. 17. 

L. J. O’Rourke, Saving Dollars and Energy by Personnel Research, op. cit., p. 450. 
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first, a sorting test, squares representing boxes are placed at the top 
of a page. Each square is numbered and in each are printed the names 
of 3 or more cities, indicating that mail in these cities is to be placed in 
that box. Below the boxes is printed a list consisting of repetitions of 
names appearing in the scheme. On a line following each name the 
candidate places the number of the box into which a piece of mail 
so addressed would be thrown. 

(2) Memory Test. The subject memorizes a distribution scheme 

9^X OFfftnCkrksAben/lrermyeEffhlenyOf'ft^oao/ifEn^lotfe** 
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Figure 44. Improved Selection of Mail Distributors — U. S. Postal Service 

{After O’Rourke) 

and is then required to write from memory the correct number of each 
of the cities listed on a page. 

(3) Following Instructions Test. In this the subject follows a com- 
plicated series of instructions connected with the distribution of mail. 

After preliminary trials the tests were given to 124 employees of 
the mail department in the Chicago Post Office. Test results were 
compared with the criterion described elsewhere, and a correlation 
of -f 0.71 obtained between the criterion and the 3 tests combined by 
multiple correlation method. After this, the extent to which each test 
measures independent factors was verified by an examination of the 
scores of 600 competitors. An examination of employees in post offices 
and those of competitors showed that the range of scores on the tests, 
as well as the average, are comparable for the two groups and that, 
from the viewpoint of test scores, the highest 25 per cent of the 
competitors wOl be equal to the highest 25 per cent of present em- 
ployees. From a study based on a representative group of present 
employees it was found that of those making the highest 25 per cent 
of the test scores 93.1 per cent were, in efficiency, above the average 
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of the entire group tested (Figure 44). On this basis the conclusion 
was drawn that it naay be expected that 93 per cent of appointees 
selected through these tests will be more efficient than the average of 
present employees.** 

The economy through the use of such tests in civil service examina- 
tions comes not only through increased efficiency, but in an actual re- 
duction in the cost of giving the new-type examination to prospective 
applicants. The new clerk carrier examination prepared by the Re- 
search Section can be scored and handled in 40 to 50 per cent less 
time than the examination which it replaced. In an examination in 
which 60,000 to 80,000 are competing this makes possible a saving of 
time equivalent to that for scoring from 24,000 to 40,000 competitors’ 
papers.*® Possibilities of economy in this direction are evident when it 
is known that in the year 1924 alone, 25,000 competitors were ex- 
amined for railway postal clerk positions and 60,000 as post office 
clerks and letter carriers.** 

Selection of Policemen 

The selection of policemen and detectives represents another illus- 
tration of the extent of psychological testing in government service.*® 
In Berlin,*® in an examination lasting about four hours, applicants for 
police service, after filling in a personal data sheet, are required to 
take two series of tests. The first includes a number of tests of the 
pencil and paper type, given to 40 or 50 applicants at one time which 
make possible a preliminary classification on the basis of intellectual 
capacity. The second series includes a variety of individual perform- 
ance tests, designed to measure such traits as reaction to fear, com- 
plexity of motor response, suggestibility, etc., of importance in general 
police service, and those which are of particular significance in the 
more specialized services of traffic officer, river police service, police 
patrol operation. A description of a few of these tests will serve to 
make clear the methods which are employed in the quest for efficient 
police officers. 

The ability to reproduce visual images involving spatial relations, 
considered by Schulte to be of extreme importance in police work, is 
measured by a test in which the following instructions are given; 

It is reported that suspicious noises are coming from a house, the 
residents of which are away. The lay-out of the house is as follows. It 
is a long, narrow dwelling, the length stretching from north to south. On 
the northern narrow side of the house a tradesmen’s door leads directly 
into the kitchen, which stretches across the entire width of the house. Ex- 

*ilbid.,p. 4S0. 

" fbid., p. 448. 

**Ibid.,p. 453. 

*0 M. S. Vitdes, “Psychological Methods in the Selection of Policemen in Europe,” Ann, 
Amer. Acad. Pol. Soc. Sd., 146 (1929), pp. 60-65. 

** R. W. Schulte, Psyekotechnik und PoUzd, Oldenbourg, 1926, pp. 214. 
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tending from the center of the kitchen waU is a long, narrow corridor 
leading to a reception room. On each side of the corridor are a small 
room and a large room, lying in the order given with respect to the 
kitchen. The main entrance to the house is by steps leading into the 
west side of the reception room. Leading from the south side of the 
reception room {on the west side of the house) is the music room; 
on the east side is the dimng room. There is a glass door between the 
dining and the music rooms. On the south side of the dining room is 
an outside balcony. 

This description is read once and the applicant is then required to 
draw a ground plan of the house. The sketch is scored for errors. 

As a measure of his memory for places the applicant is handed a 
copy of the diagram shown in Figure 45, and required, after viewing 
it for about three minutes, to reproduce it. The reproduction is scored 
for errors, and omissions. 

Resourcefulness, ingenuity in difficult situations, and allied traits 
are, according to those who designed the tests, measured by putting to 
the applicant such questions as the following: 

In the course of a visit made with the purpose of arresting one of a 
band of criminals, you are knocked down and dragged into a cellar, 
where two thugs with drawn revolvers stand guard over you. You 
overhear them saying that the leader of the band is planning to cross 
the border after a big haul, and that he is to be followed, within a 
few hours, by those who are guarding you. The guards are quite talka- 
tive, and willing to chat with you, but, at the same time, are very 
watchful. It is impossible to consider getting them drunk. What would 
you do to outwit them? 

Other tests of the same type are provided for the measurement of 
temperamental traits such as sense of humor, reaction to fear, courage, 
and so forth. Quantitative scoring methods are provided in the case 
of practically all of the tests. In addition, emphasis is placed upon 
the importance of qualitative observations made in the course of the 
examination. So, for example, in Berlin, a definite observation rating 
is assigned at the close of the testing period and this rating is em- 
ployed, as well as the objective test scores, in determining suitability 
for employment. 

Schulte reports a correlation of 0.81 between test scores and 
efficiency ratings of 2 1 policemen, and a correlation of -|- 0.89 be- 
tween efficiency ratings and the rankings of candidates on the basis 
of the observation of performance during the tests. 

Performance tests have also been employed in batteries for the 
selection of policemen devised by Moll and Piorkowski,*^ Roemer,** 

A. Moll and C. Piorkowski, ^^Psychotechnische Priifung von Kriminalbeamten/' Z. ang. 
Fsy., 18 (1921), 107-10. 

**L. S. A. M. V. Roemer, “Priifung von Kriminalanwarten,” Z. ang, Psy,, 18 (1921). 
107-10. 
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Schneickert,^* and Graf.®® Among recent American investigations in 
this field is a battery employed by O’Rourke.®^ Tests of ability to 



Figure 45. Diagram Used in Testing Memory for Places 


1. Night Club 6, Night Club 11. Storage House 

2. Church 7. Monument 12, Canal 

3. Theatre S, Military Hospital 13, Night Club 

4. Watch House 9. R. R. Station 14, Church 

5. Post Office 10. Bridge 15. Garden 

{After Schulte) 

Schndckert, “Die psychotechnische Methode bei der Answahl der Tuchtigstexii 
inbesondere im Kriminaldienste/* D. Si. Z., 7 (1920), 221-25. 

®®0, Graf, “Das Ausleseverfahren bei der bayerischen Schutzpolizei,*' Psychoi. Z., 4 
(1929), pp. 109-113. 

L. J. O’Rourke, “The Use of Scientific Tests in the Selection and Promotion of Police- 
men,” Annuls, Amer, Acad. Pol, Soc. Sci., 146 (1929), pp. 147-159. 
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reason, to interpret situations (from the observation of a picture), 
judgment tests of general adaptability (intelligence), are induded in 
the series. By using a battery consisting of a general adaptability test 
and 4 of the specid tests a coefficient of correlation of 0.66 was ob- 
tained between test scores and ratings on general efficiency in police 
work. 


SUMMARY, CHAPTERS XIH TO XV INCLUSIVE 

In these chapters have been presented the methods and results of 
typical investigations in the use of selection tests in a variety of 
fields. A number of occupations such as those of salesman,*’^ telegra- 
pher, telephone operator, on which research work has been done 
have not been considered. However, in spite of these omissions, the 
chapters give a fairly comprehensive picture of actual accomplish- 
ments ir. the use of scientific selection tests. 

In the case of salesman attention has been drawn in Chapter X to the use of applica- 
tion blank data which, on the whole, has proven to be a more satisfactory method for pre> 
dieting success in this work than have psychological tests. 



SECTION THREE 


MAINXAINING FITNESS AX WORK 




XVI. SAFETY AT WORK 


According to a recent report of the National Safety Council,^ ap- 
proximately 99,000 people were killed by accidents in the United 
States during 1930. This number represents a death rate from acci- 
dent of 80.4 per 100,000 population. In 1929 the accident was second 
in rank of the leading causes of death in the case of men and eighth 
in the case of women. 

Approximately twenty per cent (19,000) of all fatal accidents in 
1930 were sustained in the industrial situation. It is significant to note 
that 3,000, or approximately 17 per cent of these, involved the opera- 
tion of a motor vehicle. For industry as a whole there are in addition 
approximately 130 non-fatal lost time injuries to each fatal injury. 
This indicates that there were approximately 2,500,000 non-fatal 
industrial lost time accidents during 1930. 

Because of widely different practices followed by the various States 
in accumulating and reporting accident data, it is impossible to obtain 
an exact figure on the number and cost of industrial accidents. More- 
over, there is no uniform agreement in estimates of number or cost. 
Dublin,^ for example, gives 24,000 as the number of deaths resulting 
annually from accidents in industry. In addition he estimates that 
there are at least 3,000,000 accidents per year serious enough to cause 
loss of time from work among 45,000,000 occupied ptersons in the 
United States. If the loss of future working life is computed for fatal 
and permanent diability accidents and added to the actual days lost 
by reason of temporary disability, the enormous total of 300,000,000 
days of labor can be estimated as the annual loss in this country, — 
the equivalent of 1,000,000 men working a full year. Appl 3 dng a ratio 
suggested by Stewart,* in an earlier statement on loss resulting from 
accidents, the annual wage loss to those involved is approximately $1,- 
300,000,000. 

The problem of arriving at the total cost of industrial accidents is 
further complicated by the existence of numerous costs other than 
such direct costs as pa 3 mient for medical treatment and insurance.* 
To these must be added the expense of selecting and training new men 
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to take the place of those who are injured, and the cost of maintaining 
safety and welfare departments wUch function in preventing acci- 
dents and in caring for injured employees and their families. In addi- 
tion, there is a lowing up of work, and possibly a stoppage of work, 
which add to production costs. Combined with these is the financial 
burden upon public agencies in supplementing the budgets of families 
whose income has been reduced by an accident to the wage-earner. 
The total of sudi charges, as suggested by Heinrich,® may very well 
bring the approximate annual economic loss from industrial accidents 
well above $5,000,000,000. 

THE SOCIAL EFFECTS OF ACCIDENTS 

The cost of accident cannot be expressed in money alone. The 
adverse effect upon the individual and upon the family is beyond 
evaluation. The social effects of accidents are well illustrated in a 
study of child labor in a coal mining community which showed that 
over half the children between 13 and 16 years of age in this com- 
munity had left school to seek employment.® “Family need was the 
reason most frequently given for leaving school and going to work, 
and the proportion of children who had left school for work was 
greater as the father’s income was less. The number of child wage- 
earners decreased as the father’s earnings increased. Over one-half of 
all the fathers or heads of households earned less than $1,250 a year. 
Nearly three-fourths of the fathers who reported had periods of un- 
employment during the year. Besides unemployment, accidents were 
an important factor in family distress, almost one-fifth of all the 
fathers working in the mines having met with accidents at their work 
within the three and one-half years preceding the inquiry.” ’’ 

For a family at the borderline economic level an accident may mean 
a descent from independence to economic dependence. The need of 
accepting financial aid from a charitable agency may affect all the 
social relationships of the family. The ramifications in the way of 
modifications in social standards, of conflicts arising from this situa- 
tion or from the attempt to meet the situation unaided, are beyond 
description. In addition, the individual may undergo a personality 
change as a result of an accident. Stephenson points out, for example, 
that as a result of an accident “certain types may be apprehensive of 
further accident; others may experience a dull resentment; while 
others may actively engage in revengeful efforts. Whatever the reac- 
tion may be, the mental attitude of the victim to his environment is 
altered, and the change is not for the better — , in the immediate future 

®H. W. Heinrich, “Cost of Industrial Accidents to the State, the Employer, and the 
Man,” Mo. Labor Rev.^ Nov., 1930, pp. 72-80. 

^Eighth Annual Report y U. S. Children's Bureau, 1920, p. 22 (Quoted from G. S. Wat- 
kins, op. cit., p. 274). 

Italics by the author. 
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at any rate,— though ultimately the result may be all to the good . . . 
on the principle that the burnt child dreads the fire.” * 

motives in accident seduction 

The direct and indirect costs of industrial accidents and their social 
effects pointed to the importance of concerted effort to prevent the 
occurrence of accidents in industry. The impetus to such work came 
mainly from two directions: 1) from the recognition of social re- 
sponsibility for the welfare of those injured in industry, expressed in 
the passage of accident compensation laws, and 2) from the selfish 
urge of industrial executives to keep at the lowest possible figure the 
costs imposed by such social legislation. Interwoven with the latter, 
as well as with the first force, are other factors such as growing in- 
terest in the elimination of all forms of inefficiency or waste ” in in- 
dustry, the development of a humanitarian attitude which has crept 
into American industrial life, etc. 

ACCIDENT COMPENSATION LAWS 

The principles and practices of accident compensation need not be 
discussed at length here. Compensation laws are generally based on 
the principle that “since disabling injuries by accident and disease are 
inevitable concomitants of that mechanical industry which has made 
modern civilization possible, and the products of which are enjoyed 
in fullest measure by the classes least exposed to its hazards; since 
the victims of these injuries are precisely those least able to bear the 
burden of economic loss themselves or to shift it to others; . . . 
those who are crippled in the production of the community’s wealth, 
and the dependents of those who are killed, have a right to indemnity 
from the public for whom they wrought. This principle has been in- 
dorsed both by organized labor and by organized capital . . . and 
forms the basis of legislation in most civilized countries.” 

Although the United States lagged behind European countries in 
providing compensation for workers involved in industrial accidents, 
the development of legislation in this field has been rapid." Definite 
legal provision for injured workers was first made in Germany, where 
compulsory insurance against accidents became effective in 1885. 
Similar laws were adopted by Austria in 1887, by Norway in 1894, 
and by Great Britain in 1897. In the United States the fir$t accident 
compensation laws were passed in Maryland in 1902, in Montana in 
1910, and in New York in 1911. These first laws were held to be un- 
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constitutional, but with the passage of compensation laws in Cali- 
fornia, New Yoi^, Washington, and Wisconsin, in 1914, the movement 
for granting such protection to the worker became effective and rap- 
idly spread until now such laws, in one form or another, are in force 
in practically every state in the Union. 

These laws*’ in general dq>rive the employer of such defenses 
as “contributory negligence,” “assumption of risks,” and “fellow 
servant,” and force him to pay the worker’s medical fees and a pro- 
portion of wages for the time lost from work. Such legislation imposes 
the cost of accidents upon industry as a cost of production. In making 
accidents expensive to industry it has created a selfish urge for the 
reduction of accidents. “It is through the payment of compensation 
that the cost of work injuries is brought home to the employer. A high 
accident rate means a high insurance rate. Accident prevention there- 
fore becomes a business proposition. One of the principal objects of 
compensation legislation is to stimulate interest in the prevention of 
accidents, and such laws have given everywhere a notable impetus to 
the safety movement. The higher the benefits, the greater, of course, 
will be the incentive to preventive efforts. Full indemnity for deaths 
and permanent disabilities is particularly important in this respect. 
In this way, to ordinary humanitarian motives are added the realization 
that the prevention of accidents is the only effective method of reduc- 
ing the burden which the compensation system imposes.” 

THE DEVELOPMENT OF THE SAFETY MOVEMENT IN THE UNITED 
STATES 

The interest in accident reduction in the United States found its 
first expression in a safety movement, promoted in large part by a 
national organization, the National Safety Council, which first as- 
sumed importance about 1907,'* when the iron and steel industry 
began to give considerable attention to its industrial casualties. Co- 
incident with the organization of the Association of Iron and Steel 
Electrical Engineers a Safety Committee was established for the pur- 
pose of studying accidents occurring in the steel and iron industry.'* 
The pioneer efforts of this committee were met with such a whole- 
hearted reception in the industry that, the officers of the Association 
were encouraged to take steps toward' establishing a separate safety 
organization, national in scope, as a co-ordinating agency and clear- 
ing house for all phases of accident prevention. A conference, held for 

W. H. Cameron, “Organizing for Safety Nationally,” Ahh. Ant. Acad. Pol. Soc. Sd., 
123 (1926), p. 27. 

J. H, S. Bossard, op, cU„ p. 420. 

M. W. Alexander, *‘Need of Safety from the Employer’s Viewpoint,” Ann, Am, Acad, 
Pol. Soc, Sci„ 123 (1926), p. 7. 

L. W. Palmer, ^History of the Safety Movement,” Ann, Am, Acad. Pol, Soc. Sci., 123 
(1926), p. 10. 
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this purpose in 1912, led to the organization of the National Safety 
Council. From an organization of sixteen charter members this has 
grown to a membership of more than four thousand,^® including the 
majority of the large industrial organizations of the United States. 
Safety movements in particular industries, such as the railways, the 
merchant marine, the organization by President Hoover, in 1924, of 


TABLE 35 

Comparative Results of Accident Prevention Efforts in a Group of 
Selected Industries in Specified Years 

ACCIDENT FRE- ACCIDENT SEVER- 
QUENCY RATES ITY RATES (PER 
NUMBER NUMBER ( PER 1,000,000 1,000 HOURS* 

INDUSTRY OP FULL- OF ACCI- HOURS* EX- EXPOSURE 

YEAR WORKERS DENTS PO SURE) 

PERCENT- PERCENT- 

RATE AGE OF RATE AGE OF 
DECREASE DECREASE 


Iron and steel: 


1910 

1927 

202,157 

395,707 

45,283 

23,338 

74.67 

19.67 

73.67 

5.20 

2.30 

SS.77 

Portland Cement 
Association 

1919 

1927 

16,247 

31,290 

2,119 

1,340 

43.47 

14.27 

67.17 

.69 

,35 

49.28 

Paper Mills 

1920 

1927 

26,525 

61,790 

3,684 

5,084 

46.38 

27,42 

40.83 

2.60 

1.57 

39.62 

Chemicals 

1923 

1297 

6,015 

84,682 

443 

4,364 

24.SS 

17.80 

27.49 

4.78 

1.90 

60.25 

Power presses 

1926 

1927 

126,387 

149,359 

9,184 

8,717 

24.23 

19.45 

19.73 

1.39 

.93 

33.09 


From F. E. Baridon, and E. H. Loomis, Personnel Problems, New York, 
1931, p. 252. 


a National Conference on Street and Highway Safety, programs for 
safety instruction in the public schools, represent further steps in the 
same direction. However, no other organization has cont^buted as 
much as the National Safety Council to the effectiveness of organized 
safety — to the reduction of industrial and other accidents in the 
United States. 

p. 12. 

IT U. S. Bureau of Labor Statistics, Statistics of Industrial Accidents in the VnUtd Stales 
to the End of 1027, Bulletin 490, p. 5. 

18 Industrial Accident e3y>erience of members of the National Safety Council. 
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The effectiveness of the safety movement is reflected In a few 
figures chosen at random from a recent investigation of the American 
Engineering Council.'* The United States Steel Corporation in thirteen 
years has decreased its accidents 86 per cent. The Clark Thread Com- 
pany has a record of nearly 10,000,000 man-hours without an accident. 
One of the plants of the duPont Company with 6S employees has a 
record of eleven years with only one accident, and that a relatively 
minor one. 



TOTAL MUMBER OT T01AL NUMBER OF TOTAL NUMBER V 

LOST TIME ACCOENTS OATS LOST FATALITIES 


Figure 46. Employee Accident Statistics 
Philadelphia Electric Company 

Average Number oj Employees 

1928— 8817 

1929— 7896 

1930— 8133 

1931— 7944 

The general trend of results obtained by safety engineers working 
in industry and applying the specialized techniques developed in con- 
nection with the safety movement is shown in Table 35. It also appears 
in the record for 4 years of a single firm shown in Figure 46. During 
the years 1928-30, 1562 firms reporting consistently to the Nation^ 
Safety Council showed a 28 per cent decline in frequency rate and 
a 3 per cent drop in severity rate. Improvement in these selected con- 


Safety and Production, New York, 1928, p. 6. 
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cerns is greater than in the country as a whole, but they illustrate the 
results of accident prevention efforts. 

METHODS EMPLOYED IN THE SAPETY MOVEMENT 

Industrial accidents may be divided into two general classes: 

(1) Machinery Accidents, or those resulting from inadequate safe- 
guards of machines in industry. 

(2) Non-Machinery Accidents, or those resulting from causes other 
than insufficient machine protection. Such accidents result either from a 
personal predisposition, i. e., as a result of age, inexperience, “careless- 
ness,” or from the eSect of machine or plant conditions, such as venti- 
lation, illumination, etc., upon the individual. 

In its earliest stage the safety movement was largely concerned with 
the first type of accidents. Attention was centered upon providing 
guards for machines and upon guarding belts and gearing which con- 
stituted an obvious hazard to human life. Later this was supplemented 
by an interest in engineering improvements in machines and in the 
lay-out of the plant which could help reduce accidents attributable 
to these objective factors. Guarding against machine and plant hazards 
still continues to be one of the chief interests of the safety engineer in 
industry. 

The concern for the mechanical aspects of safety has been supple- 
mented by an attempt to reduce non-machinery accidents through a 
consideration of personal factors in accidents. This naturally followed 
from the observation that accidents continued to occur even after the 
installation of guards — oftimes on machines which were considered to 
be completely guarded or “fool proof.” The predominance of personal 
factors is infficated, for example, in the estimate that “at the present 
time about one-third of industrial accidents are attributable to ma- 
chinery, and not more than one-third of these accidents are due to the 
absence of guards. This leaves about 90 per cent of present-day acci- 
dents to be accounted for as failures on part of the human subject.” 

In so far as the human element is concerned, the organized safety 
movement in the United States has resorted to: (1) Broadside appeals 
to worker and to others for co-operation in accident reduction. (2) 
General education on the value and methods of “safety work.” 

The devices most frequently employed in appeal and education have 
included safety posters, safety campaigns, safety contests, and other 
techniques of mass propoganda. The National Safety Council has 
taken the lead in the development of programs employing these meth- 
ods. The safety posters issued at regular intervals by this organiza- 
tion, the gui^nce given by representatives of the national body to 
local councils, the pamphlets issued on such specialized problems as 

G. S. Watkins, op. cit., p. 326. 

A. Stephenson, op. cit., p. 194. 



332 


INDUSTRIAL PSYCHOLOGY 


resuscitation, the use of safety devices, the general instruction of the 
public and of sdiool children, etc., have exercised a tremendous in- 
fluence on the development of the safety movement. 

Until very recently the underljdng philosophy of this movement has 
been that, in so far as the individu^ is concerned, carelessness is the 
chief cause of accidents. The purpose of mass appeal is to create in 
the group a more watchful regard for objective conditions which pro- 
duce accidents. The importance which leaders of the safety movement 
attribute to carelessness is well illustrated in a description of the safety 
activities of the American Car and Foundry Company “Apart from 
the appliances and devices for guarding and insulating dangerous 
places and machinery, which the company has installed at great ex- 
pense, it set itself the duty of enlisting the services of its entire force 
in a co-operative movement which has accident prevention as its high 
purpose and goal. This movement is of the utmost importance to the 
realization of the efficient working of any system of accident preven- 
tion. For without the co-operation of the workers, accidents will hap- 
pen, be the mechanical appliances ever so perfect. Now to bring this 
about means that the workingmen must be educated and trained in 
habits of thoughtfulness and carefulness. This is not always easy to 
do; but the intelligence and loyalty of the American worker may be 
relied on. Once wisely elicited and conserved, these spiritual quaUties 
may be a material asset of incalculable value.” ** 

LIMITATIONS OF THE SAFETY MOVEMENT 

In recent years the inadequacy of this viewpoint has become in- 
creasingly apparent. “Carelessness” is entirely too plausible an expla- 
nation of accidents. It is merely a “smoke screen” which interferes 
with the more detailed examination of physical and, more particu- 
larly, mental factors which play a part in accidents. There has been 
a growing demand, coming largely from outside the organized safety 
movement, for a more scientific analysis of these factors.®* As in 
earlier days the restricted emphasis upon machine guarding resulted 
from im inadequate conception of engineering possibilities, so it is 
realized to-day that propaganda and mass education in safety work 
rest upon an inadequate conception of. the complicated personality of 
those who become involved in industrial accidents. Fisher, for ex- 
ample, points out that “in the safety movement industry has already 
reached the point of diminishing returns from further efforts wiffi 
broadside remedies and shotgun prescriptions. In a single decade it 
has reduced the severity and frequency of accidents in a marvelous 

*■ G. A. Orth, “Does Acddeat Prevention Pay,” Ann, Am. Aead, Pol, Soc. Set,, 123 (1926), 

p. 22. 

** Italics by the author. 

S. Bossard, op. cU^ P- 439. 
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fashion. It has written into law and into standard practice a routine 
of mechanical safeguards and safety instruction and inspection which 
reaches practically every factory in the country. The cMef concern of 
safety engineers, now, is ... to hold the gains made, to sustain the 
enthusiasm and interest already aroused, and to keep safety com- 
mittees going. The fi^t, the anxiety and excitement of pioneering, 
have gone out of the job; the safety movement has entered the phase 
of gleaning. Refinements of old equipment; revisions of, and more 
“active” photography in old bulletins; new stunts to keep committees 
awake; new accident tables to keep managements interested — these 
are the subjects which occupy the engineer.” 

The chapters which follow will be devoted to a consideration of 
procedures employed and of results obtained in supplementing the 
traditional tec^iques of the safety engineer by a scientific an^ysis 
of human personality as an aid in accident prevention. 

» B. Fisher, Mental Causes of Accidents, New York, 1922, pp. 257-258. 



XVII. PSYCHOLOGICAL TECHNIQUES 
IN ACCIDENT PREVENTION 


1 . INDIVIDUAL DIFFERENCES IN SUSCEPTIBILITY TO ACCIDENT 

The first step in the scientific study of mental causes of accidents 
has taken the form of an analysis of differences in susceptibility to 
accident. The practices of the safety engineer reveal a neglect of in- 
dividual differences as a possible factor in the accident situation. In 
so far as the individual involved in an accident is concerned, the in- 
jury or fatality has been looked upon largely as a matter of chance 
or as a result of the traditional “carelessness” of the worker. This is 
evident in the literature of the safety movement, in which there is no 
end of accident classifications by parts of the body involved, by type 
of machine, by condition of the plant, but practically no reference to 
the distinctive features of individual physiological and psychological 
make-up. 

Among safety engineers there has been a casual observation of the 
fact that some individuals are more frequently involved in accidents 
than others. In the transportation industry, for example, the existence 
of “repeaters” has been continually observed, but the significance of 
this fact, in general, has been almost entirely overlooked. The safety 
engineer seems to have remained almost untouched by the increasing 
knowledge of the part played by individual differences as a factor in 
safety at work. It has remained for the psychologist to introduce the 
concept and the techniques for measuring individual differences into 
the study of accidents. It has been bis'.task to demonstrate that indi- 
viduals differ with respect to susceptibility to accidents as they differ 
in other traits. Psychological analysis of accidents has shown that 
accidents “do not distribute themselves by chance, but that they hap- 
pen frequently to some men and infrequently to others as a logical 
result of a combination of circumstances’' * Some individuals become 
more frequently involved in accidents than others because of either 
an inherent psycho-physiological predisposition toward accidents, or 

1 Tkt AcddtnUVfont Employee^ A Study of Electric Railway Operation Undertaken by 
Tka Cleveland Railway Co,, and The Metropolitan life Insurance Co., New York, 1930, p. 5. 
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because of a temporary change in attitude or outlook which increases 
the probabilities of being involved in an accident when a situation 
which may lead to one arises. Such susceptibility is referred to as 
accident-proneness. 

The existence of accident-proneness has been demonstrated in a 
number of statistical studies of the incidence of accidents among work- 
ers. Among the earliest of these is a study by Greenwood and Woods 
made under the auspices of the Industrial Fatigue Research Board.^ 
Starting with the observation that among workers employed for a given 
period there are some who experienced no accidents, others who experi- 
enced a single accident, and still others who were involved in many or 
multiple accidents, the authors investigated three hypotheses with 
respect to the distribution of accidents. 

1. The first is that individual make-up plays no part in the incidence 
of accidents among members of a group. In this h 3 ^othesis participa- 
tion by the individual in an accident is looked upon as a matter of 
chance, in the same sense that it is chance which leads one to draw an 
ace of spades from a well shuffled pack. Distribution of accidents among 
members of a group by chance in this way may be described as a 
Simple Chance Distribution. 

2. The second hjrpothesis is that in a group, the members of which 
are at first all equally liable to accidents and exposed to the same risks, 
those who experience accidents are thereby rendered more susceptible 
to future accidents. The situation here would be similar to that which 
occurs in connection with diseases, such as tuberculosis, in which a first 
occurrence of the disease predisposes the individual to a second oc- 
currence of the same illness. The effect of such a factor would produce 
a distribution of accidents among a group that may be called a Biassed 
Distribution. 

3. The third hypothesis is that workers in an individual plant do 
not start on an equal basis, but that some are inherently more liable 
to accidents than others. These workers constitute a class markedly 
susceptible to accidents. The existence of accident-prone individuals 
in a group of workers would cause accidents to distribute themselves 
in a somewhat different manner than under the conditions described 
in 1 and 2 above, and give a distribution that may be designated as a 
Distribution of Unequal Liabilities. 

Greenwood and Woods have taken accidents occurring in industrial 
plants and have compared the number of workers with 0, 1, and more 
accidents with the number that could be expected under each of the 
conditions described by the three h 3 rpotheses outlined above. Statisti- 
cal formulae suitable for predicting the number of occurrences of 0, 1, 
and more accidents in the case of a Simple Chance Distribution, Bi- 

^ M. Greenwood and H. M. Woods, “The Incidence of Industrial Accidents, with Spedal 
Reference to Multiple Accidents/’ Ind. Fat, Res, Brd. Rep,, No. 4, 1919, pp. 28. 
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assed Distribution and Distribution of Unequal Liability have been 
developed by the authors." 

Table 36 shows a comparison of the number of zero, single) and 
multiple accidertts in different plants with the probable number for 
each of the three hypotheses. In each plant the exposures to risk were 

* Methods of Calculatino Distributions 

The three distributions shown in the various tables were calculated by the following 
methods: 

1. — Simple Chance Distribution (C.D.) 

If N be the number of persons and n the number of accidents, the distribution has been 
taken to be 

cu 

The terms of which are closely represented by the exponential expression: 



1 M 

when TT is small but finite. 

N N 

The values of (2) are obtained from Tables for Statisticians and Biometricians, Cam- 
bridge, 1914, pp. 113-121. 

2. — Biassed Distribution (B.D.) 

If it be assumed that the liability to accident is altered by having sustained an accident, 
a form of distribution which can be used is to compute the numbers having 1, 2, . . . acci- 
dents from 


N/N — 5 1 s \n 
s\ N N/ 


omitting the first term. 

The constant s is derived from the second moment of the statistics by the equation: 

„ _ »i{n — n + s (« — l)f ... 

...... 

When greater than unity it denotes an increased liability after the first accident. 

3. — Distribution of Unequal Liabilities (U.D.) 

Supposing the distribution of susceptibility to accidents to be continuous and of the 
form: 

_ . -cX .r-1 (S) 

where X is the measure of liability or susceptibility c, r, and yo constants; 

Then the frequencies of 0, 1, 2, &c. accidents are given by the successive terms of: 

X,/ e V ( . . r . r(r+l) r(r+l)(f + .) J 

^IT+TJ I ‘ +7+1 + inr+T)* + 71 U+T)»+ { 

and r and c are obtained from the statistics from: 

M = — (7) 

c 


Where M is the mean and fh the second moment about the mean of the distribution 
observed. 

Cautions respecting the applicability and interpretation of the formulae chosen are in- 
cluded h) the report by Greenwood and Woods cited above. 
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approximately constant for every member of the group. A variety of 
plants and a variety of work were observed by the authors In order 
to test the suitability of each hypothesis under a wide variety of con- 
ditions. Table 36 (Shop A) shows, for example, the number of zero, sin- 
gle, and multiple accidents in the case of 648 women workers in a plant 
manufacturing 6" H. E. shells. Of these, 447 women were involved in 0 
accidents. If the Simple Chance Distribution hypothesis of accident 
incidence is correct 406 women could have been expected to be in- 

T ABLE 36 

Women working on 64n. H. £. SheU under same conditions in Shops 
A & B {Period February 13th, 1918-March 20th, 1918) 


ACCIDENTS 

NUMBER HAVING ACCIDENTS 

CJ>. 


BJD. 

UJ>. 

Shop A 

0 

447 

406 


452 

442 

1 

132 

189 


117 

140 

2 

42 

45 


56 

45 

3 

21 

7 


18 

14 

4 

3 

1 


4 

5 

5 

2 

.1 


1 

2 

TOTAL 

648 

648.1 


648 

648 




(p 

= .13) 

(P=.39) 

Shop B 

0 

397 

397 


403 

398 

1 

133 

163 


125 

136 

2 

47 

36 


44 

38 

3 

5 

5 


10 

10 

4 

1 

1 


2 

2 

5 

6 

7 

1 

.1 



.6 

TOTAL 

584 

S84T 


584.3 

584.6 




(p 

= .30) 

(P = .16) 


The meaning of the quantity P given in this and other tables is this: When 
a hypothesis requires the numbers of observations falling within a series of 
classes to be a^, as, a^, etc., and one actually finds b^, bj, bs, etc. observations 
in these classes, the probability of the discrepancies having arisen by ^^chance’’ 

depends upon the value of the sum of such quantities as: and is 


denoted by the letter P. 

For instance, in Table A, Shop A, P = .13 for the B.D. distribution means 
that were the hypothesis valid, then in every 100 trials we should get no better 
agreement than actually observed here 13 times. But for the U.D. h 3 q}othesis, 
the chance is better, viz., 39 in 100. 

(After Greenwood and Woods) 
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volved in 0 accidents. If the Biassed Distribution hypothesis is correct 
the number of women involved in 0 accidents should have been 452. 
If the h 3 rpothesis of Distribution of Unequal Liabilities is correct 442 
of the employee should have been involved in 0 accidents. 

A comparison of the actual number of accidents with the probable 
number under each of the hypotheses shows that the second and third 
hypotheses fit the actual occurrence of zero, single, and multiple acci- 
dents much better than does the hypothesis of Simple Chance Distri- 
bution. 

An example from another plant. Shop B, also indicates the in- 
adequacy of the first hypothesis and the generally more satisfactory 
fit of the second and third hypotheses in explaining the occurrence of 
accidents in this group of women. 

Correlation techniques were also employed by Greenwood and 
Woods in determining whether accidents distributed themselves by 
chance or whether certain individuals are more susceptible to acci- 
dents than others. For purposes of correlation the authors used the 
accident records of women, employed in a factory for a minimum of 
8 months, and who had not been absent from work for 14 days or 
more during the experimental period. The accidents during two suc- 
cessive periods of 3 months were then correlated. The coefficients of 
correlation obtained in this way are shown in Table 37. There is evi- 
dent in these correlations a tendency for the worker involved in acci- 
dents in one period of 3 months to increase the total number of her 
accidents in the next 3 months of her half year period at work. This 
tendency is also strikingly revealed in Table 38 showing the accident 
record in succeeding months of women who did and did not have acci- 
dents in the first month of the entire period during which their records 
were observed. It can be seen that the balance of accidents is heavily 
against those women who were involved in accidents during the month 
taken as a criterion of classification. 

The results cited above are only samples of those furnished by the 
authors in this very conclusive study. An analysis of the results shows 
that the hypothesis of Simple Chance Distribution is entirely inade- 
quate in explaining the distribution of repeated accidents among the 
members of a group. The recurrence of accidents in the case of the 
single individual favors very definitely the two alternative hypotheses 
formulated by the authors. In addition, a further analysis reveals that 
the method of Unequal Liability gives more satisfactory results, in the 
sense of a better fit, than do the figures obtained in the application of 
the method of Biassed Distribution. If the latter is the better explana- 
tion of the observed effects, correlations between accidents in two suc- 
cessive periods would be increased by eliminating from the record the 
individuals who sustain no accidents in the first period. Table 37 
shows, however, that the elimination of women with zero accidents 
not only fails to increase the value of the correlation, but actually re- 
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duces it slightly. This fact, combined with the further analysis of the 
data, suggests the superiority of the h 3 rpothesis of Distribution of 
Unequal Liability. 

TABLE 37 

Coefficients of Correlation between Accidents in Successive Periods 

OBSERVED NOT INCLUDINO 

3 MONTHS AND PERSONS BAVINO 
DATE PREVIOUS NO ACCIDENTS 

3 MONTHS IN PREVIOUS 

3 MONTHS 

36 Women on Heavy Lathe Operation .69 ± .06 .63 ± .09 

21 Women on Heavy Lathe Operation .72 ± .07 .61 ± .12 

engaged in 1917 or earlier 

29 Women on Profiling Operation .S3 ± .09 J7 ± .14 

22 Women on Profiling Operation .37 ± .12 .18 ± .17 

engaged in 1917 or earlier 

(After Greenwood and Woods) 

TABLE 38 


Mean Number of Accidents per Month {Period February, 1917- 

July, 1918) 



136 WOMEN HAVING 

62 WOMEN HAVING 

DIFFERENCE 

MONTH 

NO ACCIDENT IN 

ACCIDENTS IN 

AND PROBABLE 


FEBRUARY 

FEBRUARY 

ERROR 

February 


1.31 


March 

.06 

.65 

.59 ±; .04 

April 

.30 

.45 

.15 ± .07 

May 

.10 

.21 

.11 ± .04 

June 

.26 

.40 

.14 ± .07 

July 

.01 

.03 

.02 ±: .02 

Total 

Ts 


.26 ± .06 


(After Greenwood and Woods) 


There appears good reason, in this intensive study, for the conclu- 
sion that “individual susceptibility to ‘accident’ is an extremely impor- 
tant factor in determining the distribution of accidents.” . . . “So far 
as our present knowledge goes,” write the authors, “it seems that the 
genesis of multiple accidents under uniform external conditions is an 
affair of personality and not determined by any obvious extrinsic 
factor.” * 

The significance of this conclusion is far reaching. It suggests the 

* Ibid. pp. 9-10. 
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practicability td foretelling, from an experience in one period, the 
average dlotmept of accidents amongst individuals in a subsequent 
period. It points to the desirability of transfer, to industrial processes 
relatively free from accident risks, of those individuals who are par- 
ticularly susceptible to accident as an additional measure in prevent- 
ing accidents in industry. 

The study by Greenwood and Woods represents the earliest compre- 
hensive experimental investigation, in the industrial situation, of dif- 
ference in susceptibility to accidents and of the predictive value of 
the number of accidents experienced by workers. The more general 
social implications of such relationships have been stressed by Marbe,‘ 
a German psychologist, whose study of the incidence of accidents 
among the clients of an insurance company is classic in the investiga- 
tion of individual susceptibility. 

Marbe studied the accident record of 3000 active commissioned and 
non-commisioned officers in the German army carried by a German 
insurance company. The subjects of the investigation were men who 
had carried accident insurance for a period of ten years. As a first step 
in the study the 3000 subjects were classified into 3 groups with respect 
to the number of accidents which had been reported to the insurance 
company during the first five years of insurance — the 3 groups being 
designated respectively as (a) 0 Accident group, (b) 1 Accident group, 
and (c) Multiple Accidents group. The average number of accidents 
experienced during the second 5 years of insurance by each of these 
groups is shown in Table 39. 


TABLE 39 

Average Number of Accidents During Second Five Years of Insurance 

0 Accident group 0.52 

1 Accident group 0.91 

Multiple Accident group 1.34 

(After Marbe) 

A comparison was also made between the accidents during the first 
2 years and the last 2 years of the insurance period. The average acci- 
dents during the last two years of the fnen who experienced 0 accidents 
during the first two years is 0.24. The average number of accidents 
of men experiencing accidents in the first two years is 0.42. 

Applicants for insurance were classified by the insurance company 
into 3 groups with respect to the desirability of risk. The first group 
includ^ those employed in office and clerical positions; the second 
included those on active field duty; and the third commissioned and 

■K. Marbe, “Ober UnfiSversicherung und Peycbotecbnik,” Prakt. Psych., 4 (1923), 
pp. 257-44. 
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non-commissioned officers assigned to highly dangerous duty. The 
accidents of men with 0, 1, and more accidents in each of these sub- 
groups were studied. When classified in this way, as shown in Table 
40, the 0, 1, and multiple accident groups were still differentiated with 
respect to the average number of accidents experienced in the last 
five years of the insurance period. This finding is of particular signifi- 
cance since, when classified only mth respect to risk, in accordance 
with the standard procedure followed by insurance companies, there 
appears considerably less differentiation in average number of acci- 
dents than when the men are classified in accordance with the number 
of accidents experienced during the first two years or first five years 
of the insurance period. 


TABLE 40 

Average Number of Accidents of Diverse Risk Groups 

Risk Group Average Number of Accidents in last 


5 years 2 years 

1. Low Risk 0.60 0.24 

2. Medium Risk 0.81 0.29 

3. High Risk 0.88 0.31 


(After Marbe) 

Marbe’s finding in this and other investigations have led him to 
assume the existence of a psycho-physiological predisposition toward 
accident which differentiates the accident-prone individual from one 
who does not suffer from repeated accidents. Marbe questions the ordi- 
nary classification according to risk by insurance companies, and 
points to the importance of a supplementary classification by suscepti- 
bility, as a basis for a graded scale of insurance rates determined, 
in part, by the number of accidents in which the individual has been in- 
volved either prior to or during the insurance period. He also indicates, 
particularly in a later, fuller treatment of his viewpoint,* the signifi- 
cance of differences in accident susceptibility for vocational selection. 
It is important, he points out, not only to select workers with respect 
to capability for the job but to give, in addition, considerable attention to 
accident susceptibility in that task as an aid in promoting vocational 
adjustment and in reducing the mounting cost of accidents to industry. 

A report by Newbold '' of an extensive and extremely elaborate sta- 
tistical investigation, involving techniques similar to those employed by 
Greenwood and Woods, confirms earlier findings on the existence of 
accident susceptibility. The study included observation in 22 plants, 

Marbe, Praktische Psychologie der UnfiUk und BetriebschSden, Munchen, (1926), 
pp. no. 

^ E. M. Newbold, **A Contribution to the Study of the Human Factor in the Causation 
of Accidents,*’ Ind, Fat. Res, Bd. Rep,, No. 34 (1926), pp. 74. 
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for periods varying from 3 months to 2 years. Firms were chosen on 
the b^is of (a) opportunity for small accidents; (b) homogeneity of 
work done; and (c) strict reporting of all trivial accidents. The total 
number of workers observed was 8,962 — 6,938 men and 2,024 women 
— ^working in plants manufacturing electrical apparatus, in textile 
mills, in candy factories, box factories, and other tj^s of industries. 

In the case of these workers the observed distribution of accidents 
is in every case different from what is to be expected either on the 
theory of simple chance distribution or on the theory that accident 
liability is increased by accidents in the same way as susceptibility to 
certain diseases is increased by illness. 

Among other methods, correlation between accidents in two suces- 

TABLE 41 

Correlation coefficients between the Accidents of the Same Workers 

in Two Periods 




CORRELATION 

NO. OF 

LENGTH OF PERIODS 

FACTORY 

GROUPS 

COEFFICIENT 

PEOPLE 

(A) 

(B) 

D 

I Females 

.21 ± .15 

19 

2 years 

5 months 

D 

II Females 

.36 ± .09 

42 

2 years 

5 months 

E 

I Males 

.57 db .02 

445 

1 year 

1 year 

E 

II Males 

.25 dt .04 

288 

1 year 

1 year 

E 

III Males 

.62 ± .03 

226 

1 year 

1 year 

E 

IV Males 

.20 ±: .04 

288 

1 year 

1 year 

G 

I Males 

.36 dt .09 

47 

1 year 

1 year 

G 

II Males 

.57 d: ,05 

82 

1 year 

1 year 

G 

I Females 

.53 ±: .04 

120 

1 year 

1 year 

G 

II Females 

.01 ±: .10 

50 

1 year 

1 year 

H 

Females 

.05 ± .05 

in 

6 months 

6 months 


(After Newbold) 

sive periods of time was employed to test the thesis of unequal liabil- 
ity. In Table 41 are shown the correlation coefficients between the ac- 
cidents of the same workers in two periods. It is to be seen that only 
the last two of the groups included in this table fail to show important 
correlation. These groups give similarly low values in all correlation 
tables presented by Newbold, owing to the fact that they have few 
accidents in the periods observed. In such cases, the homogeneity of 
the data naturally decreases the value of the correlation coefficient. 

The possibility of spurious correlation in this data because of 
var)dng risk was tested, in the case of four groups in one factory, by 
comparing the number of accidents sustained at home with those 
occurring to these workers in the factory. The facts that correlation 
is positive in all four cases, and of the order -f 0.2 to -f 0.3, are cited 
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by Newbold in evidence of the validity of the coefficients cited in Table 
41. Consistent positive correlation in the case of small homogeneous 
samples of larger groups is also given as evidence that correlations 
between number of accidents during two successive periods are not 
spurious in character.® 

Two groups of workers in a munition factory were found to be 
particularly liable to accidents from flying particles of hot metal. 
Coefficients of correlation between these zind other types of accidents 
were calculated in the case of 64 of these women, whose accident rec- 
ords were studied in 2 successive periods of 7 months and 3 months. 
These coefficients again point to the stability of individual susceptibil- 
ity to accidents.® 

Among the conclusions drawn by Newbold as a result of a very 
painstaking analysis of a wealth of statistical data, are the follow- 
ing: 

1. The distribution of accidents among workers in all groups is far 
from chance. The average number of accidents in all groups is influ- 
enced by a comparatively small number of workers. 

It is not possible, in the mass examination of data, to determine 
how much of this is due to variations in the conditions of work and 
how much to personal tendency, but there are many indications of the 
existence of individual susceptibility. This is shown by the association 
found between (a) accidents in two different periods (b) accidents of 
one type and accidents of another, and (c) accidents in the factory 
and accidents at home. 

2. The hypothesis that the occurrence of one accident makes the 
occurrence of others either more or less likely does not fit the observa- 
tions made in the course of the study. It appears that the hypothesis 
of differing initial individual susceptibility more clearly fits the ob- 
served facts. 

Among the most important contributions of this study is a suggested 
method for determining, from the accident records of a department, 
whether the causes of accidents are mainly such as affect all the work- 
ers alike, or whether accidents are due particularly to the presence of 
accident-prone individuals in the group or to some special risk affect- 
ing only a portion of the workers in the department. 

According to Newbold a rough approximation to an answer can 
quickly be obtained by finding the percentage of people in the depart- 
ment who have no accidents, and by reading from the table shown on 
page 344 what the mean number of accidents per person should be if 
all were exposed to the same risk. 

“If it is found that the observed mean is greater than the theoretical 
mean obtained from this table, then it is probable that the number of acci- 

• Ibid., p. S6. 

» Ibid., p. S6. 

^•Ibid., pp. 60-61. 
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dents in the dqmtment is unduly affected by the few pet^le who have 
many accidents, and observations and experiment among these few may 
result in finding where the cause is. For instance, in Factoiy A, Group II, 
the percentage pf men having no accidents is 24.43. This gives an a- 


Newbold’s Table for a Rough Determination of the Existence of In- 
equality of Accident Risk in a Department 


PERCENTAGE OF 
PERSONS HAVING 
NO ACCIDENTS 

— m 
lOOe 

CORRESPONDING 

MEAN NO. OF 

ACCIDENTS PER 

PERSON ON 

“equal risk” 
THEORY 

m 

PERCENTAGE OF 

PERSONS HAVING 

NO ACCIDENTS 

— m 
lOOc 

CORRESPONDING 
MEAN NO. OF 

ACCIDENTS PER 

PERSON ON 

“equal risk” 

THEORY 

m 

90.0 

.1054 

2.25 

3.7942 

85.0 

.1625 

2.00 

3.9120 

80.0 

.2231 

1.80 

4.0174 

75.0 

.2877 

1.60 

4.1352 

70.0 

.3567 

1.40 

4.2687 

65.0 

.4308 

1.30 

4.3428 

60.0 

.5108 

1.20 

4.4228 

55.0 

.5978 

1.10 

4.5099 

50.0 

.6931 

1.00 

4.6052 

45.0 

.7985 

.90 

4.7105 

40.0 

.9163 

.80 

4.8283 

35.0 

1.0498 

.70 

4.9618 

30.0 

1.2040 

.60 

5.1160 

27.S 

1.2910 

.50 

5.2983 

25.0 

1.3863 

.40 

5.5214 

22.5 

1.4917 

.35 

5.6550 

20.0 

1.6094 

.30 

5.8091 

17.5 

1.7430 

.275 

5.8962 

15.0 

1.8971 

.250 

5.9915 

12.5 

2.0794 

.225 

6.0968 

10.0 

2.3026 

.200 

6.2146 

9.0 

2.4079 

.180 

6.3200 

8.0 

2.5257 

.160 

6.4378 

7.0 

2.6593 

.140 

6.5713 

6.0 

2.8L34 

.120 

6.7254 

5.0 

2.9957 

.100 

6.9078 

4.5 

3.1011 

.090 

7.0131 

4.0 

3.2189 

.080 

7,1309 

3.5 

3.3524 

.070 

7,2644 

3.0 

3.5066 

.060 

7.4186 

2.75 

3.5936 

.050 

7.6009 

2.50 

3.6889 

.040 

7.8240 
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pected mean of about 1.4 accidents per person. The observed mean in 
this group is 3.78, which is therefore considerably higher than it should 
be judged by the number who escape accident altogether. 

“If on the other hand the observed mean is not higher than that de- 
duced from the zero group, then it is probable that the accidents that oc- 
cur are not so much due to individual differences either of work or 
temperament, but that the causes lie in the general type of work or en- 
vironment which is common to all the workers in the group, and the 
remedy lies in looking to these conditions.” 

If the observed mean is higher there still remains the problem of de- 
termining whether it results from unequal risk or from an excess of 
accident-prone individuals in the department. The measures taken to 
correct the disproportionate number of accidents will, of course, depend 
upon the results of this analysis. The application of the method, as 
Newbold clearly indicates, must be made cautiously, because it assumes 
that the plant is divided into fairly homogeneous departments from the 
viewpoint of accident risk, that standards of reporting accidents are 
uniform, etc. In spite of these factors, the approach is extremely sug- 
gestive. 

In addition to these more general studies of distribution of accidents 
there has been a number of investigations of differences in accident 
susceptibility among workers in specific occupations. Schmitt “ has in- 
vestigated in the railway industry the applicability of what is being 
called in Germany “Marbe’s Law” or the “Law of Recurrence ” — 
that the probability that an individual will experience an accident can 
be determined from the number which he has already sustained. The 
results of this study confirm the relationship between earlier and later 
accidents occurring at work found in other investigations. An addi- 
tional significant feature of the study is the finding, also appearing in 
Newbold’s study,^* that a relationship exists between industrial acci- 
dents and those sustained when the employee is off duty. A survey of 
personal injuries sustained outside of the plant also shows that the 
law of recurrence applies as well to these as to industrial accidents. 
This is indicated in the records of 411 workers employed in the same 
location between the years 1913 and 1924. Employees who are in- 
volved in 0 accidents during the first six years of employment have an 
average accident rate of 0.32 during the second six years. Employees 
with 1 accident during the first period also have an average of 0.32 
accident during the second six year period. Employees with multiple 
accidents (2 to 5) have an average of 1.06 accidents during th^ second 
year of employment. 

The existence of Marbe’s Law in the industrial situation has also 

« Ibid., pp. 2S-27. 

Schmitt, ‘'Unfallafhnitilt und Psychotechnik im Eisenbahndienst/’ Ind* Psyckot^ 
3 (1926), pp. 144-1S3; 364-366. 

E. M. Newbold, op. dt., p. 57. 
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been demonstrated by Hildebrandt,^* who examined the accident rec- 
ords of 200 wcmien employed in a large plant between the years 1920 
and 1925. A comparison of accident records during the hrst 3 years of 
this period with those sustained during the last 2 years give the results 
shown in Table 42. 


TABLE 42 


Comparison of Accidents During Two Periods 
1920-1925 


NO. 0? WORKERS 

154 

38 

8 


NUMBER OF ACCmENTS 
DURING THE FIRST 3 YEARS 
0 
1 

2 or more 


AVERAGE ACCIDENTS 
DURING THE LAST 2 YEARS 

0.38 

0.52 

1.37 


(After Hildebrandt) 


In spite of the few cases, the characteristic relationship between 
earlier and later accidents is again found to be unmistakably present. 

The Nature of Susceptibility to Accidents 

The fact that individuals differ in susceptibility to accidents has 
been firmly established in the investigation described above. From this 
observation grows a second problem, that of determining the meas- 
urable respects in which susceptible or accident-prone individuals dif- 
fer from their fellows. This problem has been made the subject of a 
preliminary study by Farmer and Chambers.^® 

For the purposes of this study an accident was defined as attendance 
at the factory surgery for reasons other than sickness or redressing as 
a result of an injury incurred in the plant. Six hundred and fifty-one 
subjects were included in the investigation. Of these 611 were ap- 
prentices and 40 were women factory workers. The distribution of 
subjects with respect to occupation, sex, age, number of accidents, 
and the period of study for each group are shown in Table 43. 

Three groups of tests were applied to these subjects. 

Group I included three tests: (1) dotting test, (2) reaction time 
test, and (3) pursuit meter, designated by the investigators as tests 
of aestheto-kinetic co-ordination. Essentially these are tests in which 
a stimulus perceived through a specific sense organ is to be interpreted 
by the subject as a sign for varying muscular performance of hand, 
arm, or other part of the body.^* 

Hildebrandt, “Zur Psychologic der Unfallgefahrdeten,” Psychol, Z,, 3 (1928), 

pp. 1-8. 

18 E. Farmer and E, G. Chambers, “A Psychological Study of Individual Differences in 
Accident Rates,” Ind. Fat, Res. Brd. Rep., No. 38 (1926), pp. 46. 

18 See Chapter XII. pages 234-3S. 
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Group II likewise consi^ed of three tests, including (if tests of 
muscular balance, (2) tests of tremor, and (3) psycho-galvanic reflex 
test. These are described by the authors as indices of temperamental 
instability. 

Group III consisted of (1) an intelligence test and (2) a number 

TABLE 43 

Details of Groups Tested by Farmer and Chambers 

AGE ACCIDENTS 

AVER- AVER- EXPOSURE 

GROUP NO. SEX AGE RANGE AGE RANGE (mTHS) 

A . Employed in Sweet Cover- 
ing 17 F 17.1 16-20 1.7 0-10 12 

B . Employed in Packing 

Sweets 13 F 17.6 14-23 6.9 0-31 12 

C . Dockyard Apprentices 
employed as ship- 
wrights, plumbers, join- 
ers, coppersmiths, and 

electrical engineers 57 M 16.9 16-18 0.59 0-7 24 

D . . Dockyard Apprentices 

employed similar to 

Group C 100 M 15.8 15-17 0.33 0-5 12 

E. . Royal Air Force Ap- 

prentices employed as 
carpenters, engine fit- 
ters, riggers, motor body 
builders, and copper- 
smiths 175 M 18.8 17-20 0.64 0-18 36 

F. . Royal Air Force Ap- 

prentices who had just 
commenced training 
and were employed 

similarly to Group E 279 M 16.1 15-17 0.47 0-4 9 

(After Farmer and Chambers) 

setting test. These are tests of the higher thought processes measured 
with a scholastic medium in the intelligence test and through a me- 
chanical medium in the number setting test. 

For purposes of comparison each group of workers was divided with 
respect to each test, into sub-groups, one including those whose scores 
were above the mean in the test, known as the Better Sub-group, and 
the second including those whose scores were below the mean in each 
test, known as the Worst Sub-group. 

The character of the results obtained is to be seen by reference to 
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Table 44, shoeing the accident rates of the “Better Sub-group’* and 
the “Worse SiA-group” in the dotting test. 

Among the most important findings is the observation that thme 
who obtain posing weighted scores on the three tests of aestheto- 
kinetic co-ordination had an average accident rate of 48 per cent less that) 
those who failed. Constant results obtained on these tests from all 6 
groups suggest that the predictive value of these particular tests can* 

table44^’' 

Accident Rate Expressed as a Percentage of the Mean of those Better 
and Worse than the Average in the Dotting Test 


Group 

Better 

in Test 

Worse in Test 

A 


41 


153 

B 


90 


112 

C 


71 


122 

D 


76 


124 

E 


79 


123 

F 


72 


126 

Weighted Averages 

74 


125 

Difference 



+ 51 


Probable Errors of Difference 

12.0 



(After Farmer and Chambers) 



not be improved, but they also point to opportunities for more marked 
accomplishment through the development of more refined instruments 
for measuring the essential qualities of individuals who are susceptible 
to accidents. 

In discussing the results, the authors state very clearly the limita- 
tions of Uie tests employed, most particularly with respect to tech- 
niques employed in the measurement of temperament. They point out 
that the reliability of the tests have not been established and that, until 
this is done, the tests cannot be safely used in predicting individual 
susceptibility to accidents. However, they feel justified, on the basis of 
results, in drawing the following conclusions concerning the nature of 
individual susceptibility to accidents.^? 

(1) The results permit the conclusion to be drawn that inequality 
in accident liability is not solely determined by external factors or by 
chance, but is due in an appreciable degree to measurable individu^ 
differences. 

(2) The findings suggest that it is practicable to determine in a 
rough way the probability of any individual sustaining an undue num- 

ir E. Fanner and E. G. Cbambers, op. cit., p. 17. 

36. 
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ber of accidents, and as more research work is done and the methods 
become more refined, this probability should tend more and more to 
approximate certainty. 

(3) The experimental data shows the existence, in the subjects ex- 
amined, of a relationship between accidents on the one hand, and poor 
aestheto-kinetic co-ordination and nervous instability on the other. 
No relation was found in this study between accident rate and the 
higher intellectual processes. 

The investigators point out that their finding must not be accepted 
as evidence of the presence of a general factor in personal proneness to 
accidents, and that no attempt has been made to distinguish between 
specific and general factors in individual susceptibility — a distinction 
that will have to be examined in further studies. 

The validity of these findings and conclusions has been examined by 
Farmer and Chambers ** in a second study involving 1800 subjects 
employed in diverse occupations. In industrid groups where adequate 
accident records were available it was found that the lowest 25 per cent 
in a combined and weighted battery of intelligence and aestheto-kinetic 
tests had an accident rate 2.5 as great as the remaining 75 per cent. 
An extremely significant finding in this study is the observation that 
the correlation between the psychological tests and accident rates in- 
creases with increased length of exposure to accident. This indicates 
the importance of early transfer of the accident-prone employee, in 
whose case exposure to risk appears to be associated with increasing 
effectiveness of the accident prone qualities. 

Another interesting finding of the investigation is the fact that the 
tests which were useful in selecting those least prone to accidents also 
picked those who were most proficient in their jobs. “This conclusion 
is of value for practical purposes, for it means that if these tests were 
used for vocational purposes a group of workers would be selected 
by them who on the whole would be more proficient at their work and 
have fewer accidents than those rejected by the tests, so that the use 
of these tests would serve a dual purpose and increase industrial ef- 
ficiency in two different ways.” 

The size of the coefficients of correlations between psychological 
tests and accident rates, and other findings in this study, as well as in 
earlier studies show ^at there are determinants in accident prone- 
ness other than intelligence and aestheto-kinetic co-ordination. 
Accident-proneness or individual susceptibility to accident api^rs to 
be a combination or pattern of many factors, all of which reqmre con- 
siderably more detailed investigation. 

Fanner and £. G. Chambers, Study of Personal Qualities in Accident Prone- 
ness and Prohciency/’ Ind. Pat. Res. Bd. Rep., No. 55, 1929, pp. 84. 

aoE. Farmer, “Psychological Study of Accident Proneness,’’ Pers. Jour., 9 (1930), pp. 
115-120. 

£. M. Newbold, op, cU, 
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SPECIFIC FACTOttS IN SUSCEPTIBILITY TO ACCIDENT 

1 — Age and Experience 

In a number of the studies cited above, as well as in others, an at- 
tempt has been made to isolate the influence of specific factors other 
than strictly mental traits in accident susceptibility. So, for example, 
the influence of age has been examined in a number of inquiries. An 
investigation in a Connecticut textile mill shows a consistent decrease 
in accident rate per 100 workers from 30, for workers between 15 and 
20 years of age to 12 per 100 for workers between 30 and 35 years of 
age.®® 

In the same study multiple accidents were found to appear more 
frequently among younger than older workers. Gates ®® reports a sim- 
ilar inverse ratio between age and accident rates of textile mill work- 
ers. Schmitt ®* and Lipmann,®* in Germany, present evidence of a 
higher frequency of accident among younger workers. Greenwood and 
Woods ®® report low negative correlations ( — .2 ) between age and ac- 
cidents, but the small number of cases and high probable errors make 
these flndings, to quote the authors, “of no practical importance.” 

The influence of age tends to be closely related to that of experience, 
inasmuch as the younger workers tend to be the less experienced work- 
ers in the plant. Newbold,*^ making use of the method of partial cor- 
relation in distinguishing between the influence of age and experience, 
reaches the conclusion that accidents tend to decrease with age but 
not with experience, when an allowance is made for age. In other 
words, when age is kept constant, the association between decreased 
accident rate with increasing length of service tends to vanish. On the 
other hand, when the length of service is kept constant, the relation 
between decreased accident rate with increasing age remains undis- 
turbed, showing the latter to be a stronger tendency. Newbold also 
shows these findings to be consistent with the observed increase in 
fatal accidents with increasing age by evidence that the latter is a 
factor of increased susceptibility to death from all causes with increas- 
ing age. 

The data on the influence of age is meagre, and it is somewhat con- 
fused by such variables as the existence of less hesitation on the part 
of young people in reporting accidents, but the trend of available evi- 
dence favors the common practice of excluding younger people from 
extra-hazardous occupations. 

** A. Hewes, “Study of Accident Records in a Textile Mill,” J. Indust. Hyg., 3 (1921), 6. 

** D. S. Gates, “A Statistical Study of Accidents in the Cotton Mills, Print Works and 
Worsted Mills of a Textile Company,” /. Indust, Hyg., 2 (1920), 8. 

£. Schmitt, oP. cit. 

**0. Lipmann, UnfdUursachm und UnfaUbekampfung, Berlin, 1925. 

** M. Greenwood and H. M. Woods, op, at., pp. 25-26. 

E, M- Newbold, op, cit., pp. 27-41, 
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Tbe suggestive finding of Newbold ** on the relative influence of 
age and e3q)erience are in conflict with conunon opinion on the effect 
of experience on accident rate. According to Fisher, for example, 
“ineigjerience is a prolific source of accident.” As evidence of this he 
points to a gradual reduction of accident rate with increasing length 
of service among workers in a textile mill (Table 45). The decrease 
in rate from year to year is consistent until the level of more than 
30 years of service is reached. The same author cites an unpublished 
study of accidents in the Carnegie Steel Company, Youngstown Sheet 
and Tube Company, International Harvester Company, Fairbanks, 
Morse, and several other companies, which showed employees with 

TABLE 45 


Rate of Accidents in Proportion to the Average Number of 
Employees in Each Length of Service Group 


LENGTH OF SERVICS 

NO. OF 

NO. OF 

ACCIDENT 


EMPLOYEES 

ACCIDENTS 

RATE 

Less than 1 month 

41 

74 

181% 

1 to less than 3 months 

96 

121 

127 

3 “ 8 ‘‘ 

249 

217 

87 

8 « « ''12 “ 

183 

114 

62 

Total less than 1 year 

569 

526 

92 

1 to under 5 years 

750 

430 

57 

5 " " 10 “ 

267 

125 

47 

10 “ “ 20 “ 

223 

119 

53 

20 “ " 30 “ 

164 

59 

36 

30 " “ 40 “ 

75 

33 

44 

40 “ " 50 ‘‘ 

33 

22 

67 

50 « « 60 “ 

4 

0 

0 


(After Fisher) 


less than one month’s service to be 6 times as liable to injury as those 
with more than one month’s service. 

Differences in accident rate between inexperienced and experienced 
workers appear in a study made by the United States Bureau of 
Mines which shows that, in the case of two large mines, 48.1 per 
cent of injuries occurred during the first two months of employment 
and that 20.5 per cent occurred during the first week. This is in ac- 
cord with the findings of an earlier investigation of 48 industrial plants 
in lllinois,^^ which showed that employees of less than six months’ 

B. Fisher, Mental Causes of Accidents, New York, 1922, p. 34. 

Cited in The American Labor Legislation Review, Sept., 1924, p. 249. 

“Hours and Health of Women Workers,” Report of the Illinois Industrial Survey, 

(1918), p. 102. 
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experience^ constituting approximately 35 per cent of the total work^ 
ing force, accounted for 60 per cent of the total number of industrial 
accidents. Evidence pointing to an adverse effect of inexperience upon 
accidents is also found in a report by Chaney and Hanna on acci- 
dents in the iron and steel industry. Dussier also reports accidents 
among factory workers with less than one year of service to be more 
than double that of other workers in the plant. 

Such data su^ests that experience is a factor in accident causation. 
However, there is need for a very intensive analysis of this relationship 
to determine more exactly the influence of age, of levels of proficiency, 
of selection, of temperamental reaction to new surroundings and condi- 
tions of work, and of other mental factors which may be concealed in a 
general cover-all of experience. 

Physical Condition 

Susceptibility to accident may be the end result of a combination 
of forces reflecting a generally lowered physiological effectiveness 
of the kind that causes or appears in frequent illness, A positive cor- 
relation between minor sickness and accidents (of the order of +.3) 
is reported by Newbold. Sickness was measured by the number of 
reports to the medical dispensary because of sore throat, headache, 
biliousness, and for similar reasons. The suggestion from the data, 
given in some detail by the author, is that ‘‘these small ailments are 
a measure of lower general health — and that the tendency to accidents 
is associated with such a state.” 

Newbold also compared accident rate with absences by reason of 
sicknesses and found a negligible correlation. The absence of correla- 
tion when days absent is used as a criterion of sickness is confirmed 
in the later study by Farmer and Chambers,®'^ who find only one co- 
efficient above .13 in a comparison of days lost because of sickness 
and accident rate. In explaining the apparent discrepancy when the 
second criterion of illness is used, it is suggested that frequent visits 
to the medical dispensary are in part occasioned by the same type of 
temperamental instability which plays a part in accidents. Sickness in- 
volving loss of time is said to be relatively free from the influence of 
this factor. It will also tend to occur more among the old than the 
young, and so (by reason of the negative correlation between age and 
accident rate) there can be expected -only negligible correlation be- 
tween time lost through illness and accidents. 

Indications of a relationship between physical condition and acci- 

L. W. Chancy and H. S. Hanna, The Safety Movement in the Iron and Steel Industry t 
1907-1917, Bureau of Labor Statistics, Washington, 1918, Rep. No. 2S4. 

H. Dussier, “Lcs Accidents du Travail et le Systerne de Prevention Appliqu^ dans 
les Usines Luxembourgeoises des Societies Arbed et Terres Rouges,” Revue de la Science 
du TravaU, 2 (1930), p. 93. 

E. M. Newbold, op, dt,, p. 45. 

£. Farmer and E. G. Chambers, op. cit., p. 34. 
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dents appear in a recent unpublished study by the author of dectrical 
substation operators. All operators and senior operators employed by 
Philadelphia Electric Company, 13S in number, were re-examined by 
the Medical Department in die months of October and November, 



Figure 47 . Comparison of Medical Rat- 
ings with Operating Errors and Ac- 
cidents 106 Operators and Senior 
Operators Hired Prior to Jan. 1, 1926 

{From an Unpublished Study by the 
Author) 

1929. Of these, 106 operators, hired prior to January I, 1926, were 
included in this study.*® 

On the basis of the medical examination the company physician 
classified these employees into the following groups: 

Group I — Without Physical Defect 

Group II — With Physical Defect 

Group III — Not Fitted for Present Position 

Of the 106 operators and senior operators 57 were placed in Group 
I, 31 in Group II, and 18 in Group III. 

An analysis has been made of the lost time accidents of these em- 
ployees for a period of ten years preceding the date of the examina- 
tion. The results of this analysis are shown in Figure 47 , in which 
the average lost time accident per man in Group I, Without Physical 
Defect, is compared with the average lost time accident per man of 

8® The remainder were omitted because records on operating errors were available only 
subsequent to that date, and, since a comparison was also being made with operating errors, 
it was considered well to include only those who were in a position to be involved in errors 
throughout the entire period subsequent to that date. 
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the men found to be suffering from some physical defect. (Group lI-~ 
With Physical Deject and Group III — Not Fitted for Present Posi- 
tion). The averi^e lost time accident per man among those suffering 
from physical defects is found to be 3 times as high as that of men 
not suffering from physical defects. 

The possible influence of age and experience has been investigated 
by finding the aiverage age and length of service of these groups. The 
average age (38.5) of those suffering from some degree of physical 
defect is found to be six years above that of men without physical 
defect (32.5). The average length of service ( 148.2- months) of the 
former is found to be approximately three years longer than that 
of men without physical defect (115.3 months). These differences do 
not appear to be significant, although, in the light of the studies, the 
greater age and length of service would tend to reduce the lost time 
accidents of the men (Groups II and III) who have the poorer lost 
time accident record. It seems possible to conclude, from the avail- 
able data, that the greater average number of lost time accidents of 
men with some degree of physicd defect can be referred to the gen- 
eral physical inferiority of these men. 

There is much need for additional studies of this kind. As in the 
case of age and experience the general data on the relation of illness 
to accident-proneness is far from adequate, but again there are sug- 
gestions of a trend. 

The findings on age, experience, and illness cited above are only 
suggestive of factors other than mental traits which must be investi- 
gated in determining the nature of susceptibility to accidents. Race, 
the effect of education in safety during childhood, the influence of 
specific habits developed through training, represent other factors 
which must be investigated in the complete analysis of accident- 
proneness. 

3 — Nationality 

It is possible, for example, that certain racio-national groups are 
more susceptible to injury than others. The author has investigated 
this in the case of personal injuries occurring to drivers employed by 
a taxicab corporation — the Parmelee System, Inc. — of New York City. 
The injuries in this study do not include personal injuries sustained 
by pedestrians or by passengers, but only those sustained by drivers 
which make them eligible for accident compensation. A large propor- 
tion of these accidents is not the result of collision, but includes falls, 
cuts, and bruises sustained while on duty, but not necessarily while 
engaged in the operation of a cab. 

The investigation covers 497 compensation reports turned in by 
drivers during the months of August to November, 1931, inclusive. 
These include all but 62 of the compensation reports made during this 
period. Of these 62 reports, 46 were discarded because they involved 
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shop mechanics and garage help whose records were not available for 
stu^. The remaining cases were discarded because of the inadequacy 
of information furnished on the application -blank filled in by the 
driver at the time of employment. 

For the purpose of this study the drivers were classified into three 
racio-national groups, each group being defined as follows: 

Number 


Group A. Hebrew — ^members of the Hebrew race regardless of 

the place of birth 2l3 

Group B. Italian — those born in Italy or whose parents were born 

in Italy 57 

Group C. AU Other Nationalities — ^including all groups not listed 
above 227 


(Under AU Other Nationalities are included 174 native born Amer- 
icans, and 53 of other national origins.) 

. It is obvious that the classification is entirely arbitrary in char- 
acter. It was intentionally made so by reason of the interest in study- 
ing primarily the compensation status of Groups A and B. A compari- 
son of compensation reports showed that whereas the Hebrews 
constitute approximately 43 per cent of the working force, they were in- 
volved in 42 per cent of accidents reported during the period studied. 
Italians, constituting approximately 12 per cent of the working force 
were responsible for approximately 15 per cent of these accidents, and 
“All Others,” constituting about 45 per cent of the working force turned 
in approximately 43 per cent of the compensation reports. It is quite 
evident that each group furnishes approximately that percentage of 
compensation reports that is to be expected on the basis of chance, 
inasmuch as the percentage is almost identical with the proportion of 
each national group on the drivers’ payroll. 

A comparison was also made of estimated compensation and medi- 
cal costs of injuries reported by each of these national groups. The 
estimated costs are furnished by an organization specializing in com- 
pensation service which handles all compensation claims for the taxi- 
cab corporation. It has been found -that the estimates made for such 
costs are in the aggregate very dose to tbe sum actually expended in 
providing medical costs and settling compensation claims. As a mat- 
ter of fact, experience has shown these estimates to have approxi- 
mately the same degree of acciuracy as actuarial estimates made by 
life insurance companies. 

Estimated average compensation and medical costs vary from an 
average of $62.69 for the Hebrew to $74.06 for All Other Nationalities. 
For ^e Italian it is $70.21, and for the entire group of employees it 
is $68.07. The difference of $12.00 between the average of the best 
and worse groups does not seem great, but this difference in average 
represents an excess of almost $3500.00 for All Other National groups 
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as compared with Hebrews during the four months period covered 
by this study. 

No attempt h^ been made to calculate the significance of the dif- 
ferences. The author presents these figures merely as suggestive in 
the investigation of another factor, that of racio-national differences, 
which must be submitted to experimental investigation in the study 
of accident proneness. 

In so far as injuries in manufacturing plants are concerned little 
has been done in the analysis of factors other than those discussed 
above. In the study of susceptibility to accidents or collisions on the 
part of motor vehicle operators some attempt has been made to de- 
termine the influence of these other factors. These studies will be 
briefly referred to in Chapter XVIII, devoted to the prevention of acci- 
dents in the transportation industry. 

FACTORS AFFECTING ACCIDENT LIABILITY 

1 — Fatigue 

In an earlier section of this chapter the distinction has been drawn 
between non-machinery accidents resulting from personal predisposi- 
tion and those which represent the influence of machine or plant con- 
ditions. Farmer and Chambers have distinguished between “accident- 
proneness” and “accident liability,” using the first term to indicate 
personal predisposition and the second to include all the factors which 
affect accident rate. Among these would be such conditions as hours 
of work, illumination, ventilation, speed of machine and rate of work, 
etc. Among the specific factors associated, in part at least, with plant 
and working conditions which affect accident rate, is fatigue. The 
general aspects of fatigue are treated in Chapters XXI and XXII, 
but it is necessary also to give it specific consideration in relation to 
industrial accidents. 

Investigations both in the United States and Europe have shown 
that accidents tend to increase with each successive hour of work in 
the morning, reaching a maximum at approximately 11 A. M., and 
falling toward zero at the noon hour. The number and rate rise again 
sharply following the noon hour, reaching a peak toward the latter 
part of the afternoon, but dropping off somewhat during the last hour 
of work. This typical distribution of - accidents during the day is 
shown in Table 46, combining results from the records of 19 plants 
engaged in metal manufacturing and 126 cotton mills for a period of 
one year; one cotton mill for a period of eight years; the unpublished 
records of the Indiana Department of Factory Inspection for three 
years, and the tabulation of the Wisconsin Bureau of Labor.®* The 

£. Farmer and E. G. Chambers, Ind, Fat. Res. Bd. Rep. No. 38, p. 3. 

*8 “Report on the Condition of Woman and Child Wage Earners in the United States,” 
Vol. XI, Bntployment of Women in the Metal Trades, Senate Doc. No. 645, 61st Con- 
gress, 1911. 
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typical characta of this relation between hours of work and number 
of accidents also appears in an early French study of the incidence, 
according to hours, of 3,352 accidents occurring during 1904 in plants 
located in 5 provincial departments of France.*^ 

More recent statistical studies, as well as investigations in other 
countries, confirm the findings of these early investigations on the 
hourly distribution of accidents. A comparison of the hourly distribu- 
tion of accidents with the typical production curve. Figure 61, will show 
that in a normal working day accident rate varies with the rate of pro- 
duction, being highest when production is highest and lowest during 
the hours of lessened production. 

There has been considerable controversy over the part played by 
fatigue in this situation. The traditional tendency has been to explain 
the increase in accident rate with progressive hours of work as the 
result of fatigue.^® “We know,” writes Goldmark, “that even in the 
healthiest organism the products of fatigue accumulate with progres- 
sive hours of work; we know that our promptitude of reaction rises 
and falls with the freshness of our attention; that nothing is more 
potent than fatigue to increase reaction time and develop muscular 
inaccuracies. 

“Hence when we find the number and ratio of accidents increasing 
up to a certain p>oint with each successive hour of work during the 
morning, falling towards zero at the noon hour and again rising toward 
a maximum in the afternoon, it is reasonable to ascribe the increase 
in large part to the effects of fatigue, direct and indirect.” ** 

The drop in rate in the last hour of the morning and afternoon 
period, when the worker may be expected to be most fatigued, is ex- 
plained by the reduced rate of production which occurs, with increas- 
ing fatigue, in the last hours of work. The slackening of speed brings 
with it a decrease in the accident rate. The effects of fatigue upon acci- 
dent rate are thus explained as being both direct and indirect — ^both 
positive and negative in so far as influence upon accident rate is con- 
cerned. 

In contrast with the traditional viewpoint that fatigue is the de- 
termining factor producing the characteristic increase in number of 
accidents in the course of the working day is the emphasis by Ver- 
non*® upon varying speeds of production and upon mental factors 
in explaining the variations in accident rate throughout the day. Ac- 

M. A. Imbert and M. Mestre, “Hygiene Publique, Nouvelles Statistiques d’accidents 
du Travail,” Rev. Scient., 190S. 

A. Imbert, *‘Les Accident du Travail et les Compagnies d’Assurance,” Rev. Scieni, (June, 
1904), IS; M. LeRoy, Bulletin de Vlnspection du Travail et de VHygUne Industrielle, 3, 4 
(1906), p. 219. 

J. Goldmark, Fatigue and Efficiency, New York, 1912, p. 72. 

First Interim Report, Committee on Fatigue from the Economic Standpoint, 1916. 

H. M. Vernon, “An Investigation of the Factors Concerned in the Causation of In- 
dustrial Accidents,” Health of Munitions Workers Committee, Memo., No. 21 (1918), pp. 46; 
H. M. Vernon, Industrial Fatigue and Efficiency, London, 1921, pp. 264. 
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cording to the latter “the strong qualitative resemblance between the 
rate of output curve and the accident incidence curve during the 
day shift shows that the varying speed of production is largely respon- 
sible for the day shift variations of accidents, and not fatigue.” In 
addition, he insists that mental factors such as alertness or attention 
play an important part in determining the accident rate through the 
day. 

The hypothesis that mental factors affect accident rate is based on 
a comparison between the accident rate on day shifts and accident 
rate on night shifts. In the former, the accident curve follows the 
output curve very closely; in the latter, it is widely different. During 
the night shift the accident rate is at a maximum at the beginning of 
the working spell and then falls sharply until it reaches approximately 
one half its original value. The lowest accident rate occurs at the very 
end of the work spell in the night shift. The total accident rate on 
the night shift was found in one study to be approximately 15 per cent 
lower than during the day shift, with no decrease in output. 

Vernon ascribes these differences to the fact that the worker on the 
day shift becomes inattentive toward the end of the day’s work, as 
his mind wanders toward the prospect of an evening’s entertainment, 
or toward activities in which he will engage upon leaving work. The 
night worker starts the day in a careless and excited state pf mind, 
but gradually settles down to a calmer mental state, which reaches its 
most profound level at the very end of the night shift, as the worker 
looks forward to the morning sleep which he will enjoy immediately 
upon returning from work. 

The United States Public Health Service undertook to examine the 
hypothesis ** that hourly variations in accident rate depend upon 
variations in production rather than upon fatigue by an investigation 
of 46,000 accidents in two metal manufacturing plants. An index was 
compiled showing the hourly accident rate per unit of output. If 
fatigue plays no part, this should always remain constant, regardless 
of the rate of output and of the hour of day. As a matter of fact, 
the result shows a marked increase in the index figure at the end of 
the working spell, reflecting an increase in the accident rate per 
unit of output, in spite of &e decline in the absolute accident rate. 
This finding is accepted as evidence that fatigue is the determining 
factor in hourly variations in accident rate. 

This conclusion is still questioned by Vernon because of the failure 
of the investigators to consider the subjective or psychic f/ictors, re- 
ferred to above, in accident causation. The significance of this factor 

**Two Contributions to the Study of Acddent Causation/' Ind, Fat, Res, Brd, Rep,, 
No. 19, (1919), p. V. 

''A Comparison of an Eight Hour Plant and a Ten Hour Plant,” Public Health Service 
Bulletin, No. 106, (1920), cdso "Industrial Accidents,” Monthly Labor Review, (May, 
1920), p. 161. 
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is demonstrated an investigation in a munition plant conducted by 
Osborne and Vwnon.^® The data deals with flesh cuts treated in a 
period of appro^mately a year in a projectile factory. The number 
of cuts totaled 2, ,560 in the case of the men and 3,409 in the case of 



Figure 48. Accidenls in Relation to Output 
(After Osborne and Vernon) 


the women. The working force was divided into a day shift, working 
from 7:15 a. m. to 5:15 p. m., and a night shift employed from 8:00 
p. M. to 7:15 A. M. In order to overcome variations in lunch hours and 
the effect of accidents occurring during the first few minutes and last 
few minutes of work, day shift accidents were computed for the hours 
7:30 to 9:00 A. m., 10:15 to 12:30 p. m. and 2.30 to 5:00 p. M, Night 
shift spells were divided on the same principle. 

Figure 48 shows the incidence of cuts during various hours of the 
day shift and night shift. The lower curve in each figure shows the 
variations observed in the electric power load required to drive the 
whole of the plant during 48 consecutive hours during January, 1918. 
Power load was recorded automatically, and has been subjected to a 
deduction of 60 per cent of the average load throughout as an allowance 

E. £. Osborne and H. M. Vernon, “The Influence of Temperature and other Condi- 
tions on the Frequency of Industrial Accidents,” Ind. Fat» Res, Brd, Rep,, No. 19, (1922), 

p. 17. 
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for the power required to drive shafting and machinery apart from 
utilization oii actual work on shells. 

Variations in power load are equivalent to output variations. It can 
be seen that variations in accident rate on the day shift coincide with 
variations in output as indicated in the power load curve. No such 
coincidence is shown in the case of the accident curve obtained during 
the night shift. Whereas accidents are at a maximum in the middle 
of the work spell during the day shift, they are at a maximum at the 
beginning of the work spell during the night shift. The accident rate 
also continues to fall consistently to the end of the night shift. 

It appears from this, according to Vernon, that variations in night 
shift accidents are not due to variations in speed of production. Sub- 
jective factors are used in explanation of the differences between the 
two shifts.^® It is pointed out that “the day shift workers, when they 
started on their work in the early morning, were in a depressed and 
somewhat lethargic condition, but they brightened up gradually, espe- 
cially after their tea and food, at about 9 a. m., and they got into a 
more and more lively and careless state of mind as their dinner hour 
approached. The night shift workers, on the other hand, got up several 
hours before coming on to work, and they often spent these hours 
in amusement and in having substantial meals, hence they began 
their work in a careless and excited state; but they gradually calmed 
down during the course of the night, as they had nothing but an un- 
exhilarating breakfast and bed to look forward to. These variations 
in the psychical state of the workers must have produced considerable 
variations in accident frequency, and especially so by night, when the 
usual effect of output variations on accident frequently was com- 
pletely swamped by them, or by some other unknown factor.” 

The conclusions drawn in the report by the United States Public 
Health Service,'*'' to which reference has been made, are criticized by 
Osborne and Vernon because of the failure to make a similar analysis. 
The investigators point particularly to the omission from this repmrt of 
figures on accidents during night shifts, later made available by Ryan,** 
which somewhat confirm their own findings concerning differences in 
hourly variation of accident rate on day and night shifts. 

At the same time, Osborne and Vernon recognize the influence of 
fatigue, and cite data in the form of reduction of accidents' co- 
incident with a reduction in the hours of work as evidence of the part 
which fatigue may play in the production of accidents. These figures 
were obtained in a 6" shell factory. In this plant, when women worked 
the same 61 hour week as men, their accidents were 91 per cent as nu- 
merous. When the hours of the women were reduced to 39 a week, their 


E. E. Osborne and H. M. Vernon, op. Hi., p. 12. 

Umted States Public Health Service Bulletin, op. cit. 

A. H. Ryani “Discussion of Public Health Bulletin, No. 106,” J, of Ind. Hyg., 2 (1921), 
p. 466. 
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accidents fell to 78 per cent of those experienced by the men. These fig- 
ures represent cuts per hour experienced by the men and women. 

2 — RaJte of Production 

It is evident from this discussion that rate of production must be 
given separate consideration as a factor in accident causation. This 
need has appeared quite clearly in a recent survey on Safety and Pro- 
duction,*^ conducted under the auspices of the American Engineering 
Council, to determine the cause of an increase in number and severity 
of industrial accidents noted subsequent to 1922. The suspicion that 
this increase may reflect merely an increasing tempo of production 
led to an extensive investigation involving approximately 1,000,000 
employees in 59 industrial groups. 

Chief among the conclusions of this investigation is that, if pro- 
duction is used as the criterion, there has actually been a marked 
decrease in the incidence of accidents in American industry. There 
is evidence that increased production is associated with an increased 
number and severity of accidents, but that the proportion of accidents 
tends to decrease with increasing production. “The rate of change in 
production per man-hour for the industrial groups studied is greater 
than the rate of change in accident frequency per man-hour or the rate 
of change in accident severity per man-hour. Quantitatively, the pro- 
duction rate was 14.4 per cent higher in 1925 than in 1922, the accident- 
frequency rate 10.4 per cent lower in 1925 than in 1922, and the accident- 
severity rate 2.5 per cent higher in 1925 than in 1922.” This may suggest 
that increased rate of production favors accident reduction, but it is evi- 
dent that increased production in the industries studied is primarily 
associated with increased mechanization and not necessarily with an 
increase in the rate of work on the part of those employed. In addi- 
tion the evidence indicates that the decrease in accidents in a given 
plant bears direct relation to the over-all efficiency of the plant. A 
cutting edge that is kept clean not only cuts faster and better but it 
is less apt to cause accidents by breakage or by projecting particles 
of steel in the direction of the worker. 

The effect of rate of work on safety requires investigation under 
controlled conditions. Characteristic of studies in this field is Mus- 
cio’s analysis of the effect of varying rates of speed on accuracy 
in Aiming and in Pendulum Tests. The procedure with the Aiming 
test, a section of which is illustrated in Figure 49, was to spear at the 
targets with a dissecting needle held vertically in the right hand, the 
arm being unsupported. The target sheets were placed on a card- 
board holder lying flat on a table in front of the subjects, who worked 
while seated. The subject aimed at each target in order for 3 suc- 

** Safety aud Production, New York, 1928, pp. 414. 

**’M. A. Muscio, “On the Relation of Fatigue and Accuracy to Speed and Duration 
of Work,” Ind. Pat. Res. Brd. Rep., No. 19, (1922), pp. 18-36. 
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cessive trials. The aiming was done in rhythm with the beat of a 
metronome. Six rates, varying from 60 to 210 beats per minute, were 
employed in testing the effect of rate of work upon accuracy. The 
order of rates was varied with the various subjects in order to make 
constant the effect of practice. The average accuracy obtained by the 
six subjects for each rate of work is shown in Table 47, which gives 



Figure 49. Aiming Test 


(After Muscio) 


the results for six different rates in the aiming test for six subjects. 
Each number in the table was obtained by adding together the distance 
of 180 shots, each scored to the nearest half mm. from the circumfer- 
ence of the bull’s eye; these 180 shots (at each rate) being distributed 
over six sittings as shown in Table 47. 


TABLE 47“^ 


RATES (metronome) 

AVERAGE 

60 

176.8 

90 

180.3 

120 

223.3 

ISO 

301.3 

180 

413.1 

210 

506.1 


Note; — It is important to note that high score indicates decreased 
accuracy. 


Ibid., p. 20. 


(After Muscio) 
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The Pendxilum test, involving a complicated procedure of retriev- 
ing water from a pendulum in motion, duplicating that used by Miles, 
was tried on only one subject. 

The findings of the study show that: 

(1) An increase in rate of movement (for certain rates used) causes 
an increase in the inaccuracy of movement. The faster the rate of 
work at any time, the greater, in general, is the increase in inaccuracy 
produced by any unit increase in rate; 

(2) Continuous work for several hours with tests of motor preci- 
sion faUs to show a gradual increase in inaccuracy, but the very re- 
verse. The resulting inaccuracy curve under these conditions is al- 
most the exact opposite of the typical industrial accident curve for 
the morning hours. 

(3) A curve for inaccuracy of movement, broadly similar to the 
typical industrial accident curve for the morning hours, can be ex- 
perimentally obtained by gradually increasing the rate of movement 
in a morning period of continuous work with motor precision tests. 

In the opinion of Muscio, “in view of what is known concerning 
hourly variations in speed of producton, the conclusion suggested by 
these results is that the principal factor in the hourly variations in 
the number of industrial accidents is not fatigue but rate oj work. 
There may be hours of the work -day for which this conclusion is not 
true, and the question whether this is so or not is highly important; 
but the conclusicm seems true for the morning hours at least.” 

However, recent studies by Windmoeller have shown, for ex- 
ample, that the relationship between speed and accuracy varies def- 
initely with the character of the work, with the subjects employed, 
and with the conditions under which the work is done. The complexity 
of the problem and of the variables involved point to the need of more 
extensive investigation in which results can be obtained for more 
subjects, working for longer periods of time, with a greater diversity 
of operations. No definite conclusions concerning the relative im- 
portance of fatigue and rate of work can be drawn until both the char- 
acter of fatigue itself and the effect of variations in rate and accuracy 
under diverse conditions have been more definitely established. 

3 — Atmospheric Conditions 

Accident liability appears to be affefcted, among other factors, by 
atmospheric conditions. Thermographic records, obtained for a period 
of approximately ten months in three munition plants, were compared 
by Osborne and Vernon with the number of cuts treated in the 

R. Miles, Psychological Review, 27 (1920), pp. 361-367. 

68 “Two Contributions to the Study of Accident Causation,” Ind. Fat. Res. Brd. Rep. 
No. 19, p. 36. 

Windmoeller, “Die Beziehungen zwischen Arbeitsschnelligkeit und Arbeitsgutc,” 
Psychol. Z., 5 (1930), pp. 1-13; 65-78. 

«« E. E. Osborne and H. M. Vernon, op. cU. 
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plant dispensary. The results obtained are shown in Figure SO. Ac- 
cidents are found to be at a minimum at 67.5° F. At 52° there is an 
increase of approximately 35 p)er cent in accidents for both men and 
women. At above 67.5° accidents rise for both men and women, and 



Figure SO. Accident Frequency in Relation to Temperature 
{Ajter Osborne and Vernon) 


at 72.5° accidents increase rapidly for men and to a very small extent 
for women. Taking into consideration other studies on optimal tem- 
perature for sedentr’.ry and active, light and heavy occupations,*® the 
investigators suggest 62.5° as the temperature for machine work 
which will give the greatest production combined with least increase 
in accidents above the minimum found at 67.5°. 

Data obtained by Vernon and Bedford,'” in a study of 2,459 acci- 
dents incurred by 2,963 coal miners between 1920 and 1925, supports 
the view that atmospheric conditions, more particularly the cooling 

W. D. Hambly and T. Bedford, “Preliminary Notes on Atmospheric Conditions in Boot 
and Shoe Factories,” /wd. Fat. Res. Brd, Rep., No. 11 (1921), pp. 69; H. M. Vernon and 
T. Bedford, “Two Investigations in Potters’ Shops,” Ind. Fat. Res. Brd. Rep., No. 18 
(1922), pp. 74. 

H. M. Vernon and T. Bedford, “The Relation of Atmospheric Conditions to the Work- 
ing Capacity and the Accident Rate of Coal Miners,” Ind. Fat. Res. Brd. Rep., No. 39 
(1927), pp. 33. 
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power of the air as measured by the kata-thermometer, influence ac- 
cident rate. In one colliery the accident rate of three seams where the 
wet kata cooling power was 15.2, 11.3, and 10.2, the accident sever- 
ity rate of colliers and trammers was 3.2, 4.8, and 4.9, respectively. 
The accident rate at a colliery where ventilation in the airway was 
worse than in another, exceeded the accident rate of the latter by 55 
per cent. 

Confirmatory evidence on the relation between accidents and at- 
mospheric conditions in coal mines has been obtained in two addi- 
tional studies by the Industrial Health Research Board investigators. 


TABLE 48 

Accident Rates in Relation to Dry Bulb Temperature 

accident frequency accident severity 

MEAN PER 100,000 MAN (DAYS LOST PER DAYS LOST PER 

TEMPERATURE TEMPER- SHIFTS 1,000 HOURS WORKED) ACCIDENT 

RANGE ATURE 




1924-S 

1927-8 

1924-S 

1927-8 

1924-S 

1927-8 

Coal Face Workers 

Under 70° .... 

63.9° 

104 

133 

3.5 

4.4 

33 

33 

O 

O 

** 

o 

O 

77.3 

144 

144 

3.6 

3.8 

25 

26 

80° or more .... 

82.8 

184 

173 

4.5 

4.8 

24 

28 

Others Underground 

Under 70° .... 

62.0 

S8 

57 

1.84 

1.79 

32 

31 

70° to 74° .... 

72.7 

87 

81 

2.41 

2.45 

28 

30 

75° or more 

78.5 

100 

92 

2.29 

2.63 

23 

29 


(After Vernon and Bedford) 


These studies ®® deal with miners working underground and with 
surface men whose records were first studied for the years 1924-25 
and later for the years 1927-28. The first study included 18,455 under- 
ground men and 4,456 surface men working in ten collieries all situ- 
ated within ten miles of one another, whose records were studied for 
the period 1924-25. Disputes in 1926 ended with a reduction in wages, 
increase in working hours underground, the erection of pithead baths, 
etc. The records of 10,000 underground men and 2,700 surface men 
in eight of the same collieries for the years 1927-28 were analyzed 
to observe the effects of these changes on absenteeism, accidents, etc. 

The data on temperature obtained in the two independent studies 

■■Severity was calculated in terms of days lost per 1,000 hour shifts, assuming a 7l 
hour shift and with a maximum loss of 150 days for serious and fatal accidents. 

H. M. Vernon and T. Bedford, “A Study of Absenteeism in a Group of Ten Collieries,” 
Ind. Fat, Res, Brd, Rep,^ No. SI, (1928), pp. 62; H. M. Vernon and T. Bedford, ‘‘The 
Absenteeism of Miners in Relation to Short Time and Other Conditions,” Ind, Health Res, 
Brd, Rep,, No. 62 (1931), op. 1-^4. 
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b summarized in Table 48. Both studies agree in showing an in- 
creased frequency of accidents associated widb a rise in underground 
temperature. Supplementary data shows that the increase affects 
mainly minor accidents, those entailing less than ten days disable- 
ment being three times more numerous at an underground tempera- 
ture of 81° than at 63°. Major accidents, causing 60 or more days 

TABLE 49 

Accident Frequency of Coal Face Workers in Relation to Age and 

Temperature 


AOCmBNTS PER 1,000 RELATIVE ACCDBlrT 

HEN PER YEAR AT FREQUENCY AT 


AOE GROXJT 






A 



UNDER 

70° TO 

80“ OR 

UNDER 

70° TO 

80“ OR 

TEICPS. 


70° 

79° 

MORE 

70° 

79° 

MORE 

ABOVE 70' 

Under 30 years 

203 

263 

289 

109 

120 

ns 

117.S 

30 to 39 years 

186 

219 

251 

100 

100 

100 

100 

40 to 49 years 

180 

232 

299 

97 

106 

119 

112.S 

50 or more years 

191 

331 

344 

103 

151 

137 

144 


(After Vernon and Bedford) 


disability, were found to be less numerous at high than at low tem- 
peratures. 

An interesting feature of these studies is the analysis of the in- 
fluence of age on accidents in relation to atmospheric conditions and, 
fatigue. The studies agree in finding an excess of accidents on the 
part of younger men as compared with those of medium age, largely 
due to inexperience. The older men are more skillful and careful, but 
they appear to tire easily, and this fatigue effect is reflected in an 
increased number of accidents. The findings with respect to the three 
factors in the case of coal face workers are summarized in Table 49. 
If the frequency of accidents shown by men aged 30 to 39 when 
working at various temperatures is taken as 100 in each case, it is 
evident that the frequency of accidents of men over 50 working at 
high temperatures shows a striking rise. The fatigue effect of high 
temperatures explains, according to the investigators, the increase 
of accident rates with age and experience observed in coal mining. 
In another section of their analysis the observers found that men who 
incurred minor accidents at high tempieratures claimed accident com- 
pensation three or four times more frequently than those' sustaining 
accidents at low temperatures. This may be associated with the dis- 
inclination to work under unpleasant and fatiguing conditions and may 
also account for the apparent excess of accidents in the older men at 
higher temperatures. 

The probability that a substantial part of lost time due to accidents 
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is avoidable is made evident in a parallel study in one of seven Scotch 
collieries,®" where the frequency of accidents entailing absences of 
under 60 days was reduced, in one year, by 42-43 per cent, and 
longer accidents by 79 per cent, as a result of pressure brought to 
bear upon the men by the management. 

4 — Illumination 

Among other factors affecting accident liability is illumination. Ac- 
cording to Stephenson the inferior illumination of artificial light, as 
compared with daylight, is accompanied by an increase in accident 
frequency. As evidence he cites findings from a study showing that 
more than twice as many accidents occur in the two winter quarters 
of the year for the part of the day when artificial illumination was 
used, as for the corresponding part of the day in the two summer 
quarters of the same year. 

The influence of this, as of other factors in both “accident- 
proneness” and in “accident liability,” will bear much more extensive 
investigation. Scattered results on various aspects of the problem of 
reducing accidents are available. On many important questions little 
or no light has been shed. It is only necessary, for example, to con- 
sider the inadequacy of the evidence on the relation between minor 
and major accidents in the industrial plant to recognize the vast amount 
of work which remains to be done in this field. Certain very definite 
results have been accomplished through the application of psychologi- 
cal methods in the study of industrial accidents. Perhaps the most 
important of these is the change which it has brought in the underly- 
ing philosophy of accident prevention — the substitution of a principle 
of “causation” for the earlier philosophy of “fault” — the replace- 
ment of a fatalistic doctrine of “chance” by a dynamic policy of in- 
dividual hygiene in accident prevention. The exact character of this 
policy, and the procedures adopted in its administration will appear 
in the consideration, in the next chapter, of accidents in the transporta- 
tion industry. 


T. Bedford and C. G. Warner, “A Study of Absenteeism at Certain Scotch Collieries,* 
Ind. Health Res. Brd. Rep., No. 62 (1931), pp. 46. 

A. Stephenson, op. cit., p. 196. 

J. H. S. Bossard, op. cii., pp. 418-19. 



XVIII. ACCIDENTS IN THE TRANSPORTA- 
TION INDUSTRY 


The psychological approach in the prevention of accidents has found 
its widest application in the transportation industry. 

According to a report of the National Safety Council ^ accidents 
involving motor vehicles resulted in 33,000 deaths in the United States 
in 1930. Approximately 27 out of every 100,000 people in the United 
States are killed annually by motor vehicles. With an observed ratio 
of about 35 non-fatal injuries to each fatality in cities and states ob- 
taining accurate information, it can be said that there are 1,000,000 
non-fatal motor vehicle injuries each year. Accepting as a basis the 
figures of the First National Conference on Street and Highway 
Safety,- the probable cost, conservatively estimated, of motor vehicle 
accidents in 1930 is close to $1,000,000,000. 

The total number of fatalities from causes other than motor vehicles 
is decreasing from year to year, while those due to automobiles, re- 
sponsible for the vast majority of deaths in this group, are increasing 
.so rapidly that, if the present rates of change persist, by approxi- 
mately 1940 more people will be killed by automobiles than by all 
other accidental causes of death.® The death rate by automobiles 
in 1929 was ten times that of 1911. The fact that this is not solely 
the result of an increase in the number of vehicles is indicated in the 
consistent rise, since 1926, of the number of deaths per 100,000 auto- 
mobiles from 95.2 to 115.0. This increase has occurred in spite of 
the tremendous improvements, in recent years, in the construction of 
the car itself and more particularly of the mechanical accessories, 
such as tires, brakes, lights, etc. which make for safety in car opera- 
tion. The record has become worse in spite of increasingly stringent 
state requirements for periodic inspection, and of the tremendous 
emphasis by civic organizations on the maintenance of cars for safety 
purposes. The automobile itself has been so perfected that, according 
to the reports of state motor vehicle departments, mechanical defects 
are responsible for less than one accident in twenty. The actual per- 
centage of accidents due to such causes, in 1928, in three states are 
as follows: * 

^ Accident Facts, 1931, Chicago, p. 19. 

^Report of the National Conference on Street and Highway Safety, Washington, 1926. 

® A. P. Weiss and A. R. Lauer, Psychological Principles in Automotive Driving, Columbus, 
Ohio, 1930, p. 2. 

^ Ibid., p. 2. 
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Massachusetts 4.97 

Conaecticut 4.56 

Rhmje Island 1.28 

Average 3.61 


It is evident, from these figures, that automobiles are generally 
more dependable than the men or women who drive them. This may 
result, as Ach “ suggests, from an inherent conflict between the usual 
speed of operation of motor vehicles and the psychophysical capacity 
for response at these high speeds. Whatever the cause, the fact that 
the personal element is &e most important in motor vehicle accidents 
is beyond question. 

The problem of motor vehicle accidents is of utmost concern to the 
public at large. It concerns the individual who without any contribu- 
tory negligence on his part may become involved in an accident. It is 
a source of worry to parents whose children, forced to play in public 
streets, pay with lives and maimed bodies for any failure to give 
adequate consideration to the mental characteristics of those who 
drive motor vehicles. The rate structure and policies of insurance com- 
panies are tremendously affected by the incidence of such accidents. 
These present a problem of “hygiene” as complex and as urgent as any 
faced by municipal, state, and Federal departments responsible for 
the maintenance of public welfare. 

VEHICULAR ACCIDENTS IN INDUSTRY 

In addition to being a problem of general public concern, the pre- 
vention of motor vehicle accidents is a specific problem in industry. 
It is of great moment to industrial firms which make use of large 
fleets of motor vehicles for delivery and other purposes. It is of major 
importance in the transportation industry, whose sole functions are 
the efficient and saje operation of motor vehicles. The position occu- 
pied by accidents in the economy of the transportation industry is 
evident in the electric railway industry. Annual reports in this industry 
have shown that year after year 3, 4, 6, 8, and even 10 per cent of 
operating revenue is spent on accident claims.® In the case of one 
company, the Boston Elevated Railway, the charges to operating costs 
for injuries and damages amounted to $1,502,313.56 in 1928 and to 
$1,201,642.83, in 1929.^ 

According to estimates prepared by the National Association of 

B N. Ach, “Psychologie und Technik bei Bekampfung von Auto Unfallen/’ Ind. Psychot,, 
6 (1929)» pp. 87-97. 

^Safe Transportation, Personnel Research Federation, New York, 1930, p. 5. 

Ubid, p. 4. 
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Taxicab Owners * 80,000 of the 26,501,443 automobiles registered 
in the United States are taxicabs. The annual taxicab mileage is esti- 
mated at 2,200,000,000 miles, approximately one per cent of the total 
motor vehicle mileage of the country. The average cost for accidents 
in this industry alone is close to one cent per mile, or close to 
$22,000,000.00 per year.® 

The enormous cost of accidents to the transportation industry is 
largely responsible for the initiative which has been taken by this in- 
dustry in applying psychological methods in the reduction of acci- 
dents. The manufacturing industries have largely contented them- 
selves with the traditional methods of the safety engineer. A number 
of progressive companies operating street railways, motor busses, and 
taxicabs have supplemented these by a scientific analysis of personal 
factors in accident, and by psychological techniques for detecting and 
rehabilitating accident-prone operators of motor vehicles. Certain of 
these techniques, as applied in selection, have been described in an 
earlier chapter. The remaining section of this chapter will be given over 
to the discussion of methods applied (a) in the analysis of the nature 
of accident-proneness in motor vehicle operation, and (b) in the in- 
dividualized treatment of motor vehicle operators involved in multiple 
accidents. 

Before proceeding with this discussion it may be well to point out 
the distinction between the term accident as used in the present and 
in preceding chapters. The effects of accidents in the transportation 
industry are not confined to employees alone. Injury to passengers and 
to pedestrians, and damage to public and private property represent 
the most important phases of accidents in motor vehicle operation. As 
a matter of fact, in a serious and costly accident, the operator of 
the public vehicle may himself suffer no injury and his vehicle may 
remain undcimaged. In a sense, the accident in the transportation in- 
dustry is a measure of proficiency on the job in the same sense as 
production and spoiled work in the manufacturing industry are meas- 
ures of industrial proficiency. At the same time, the objective circum- 
stances and the surrounding personal conditions of Ae transporta- 
tion accident resemble closely those which are found in cases of 
injury to the worker in the industrial plant. In the operation of motor 
vehicles the number of accidents is not only an indication of a work- 
er’s operating efficiency, but also reflects the extent of susceptibility 
of the operator to accidents. There is good reason to believe that the 
incidence of accidents in the transportation industry is determined by 
the same factors and governed by the same laws which account for 
personal injuries in the manufacturing plant. 

B Preventing Taxicab Accidents, Metropolitan Life Insurance Co., New York, p. 5. 

^Estimate by the author on the basis of accident experience of companies operating 
in ten cities. 
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ACCIDENT-PROliffiNESS IN THE TRANSPORTATION INDUSTRY 

In the transportation industry, as in manufacturing plants, acci- 
dents do not ^stribute themselves by chance. Operating under identi- 
cal conditions, a small percentage tends to be involved in many acci- 
dents while a large proportion of the working force remains relatively 
free from accident. The incidence of accident-proneness in the opera- 
tion of motor vehicles has been well demonstrated in a recent study 
in the taxicab industry. A total of 1871 accident reports covering 1294 
drivers employed by a group of companies were analysed with respect 
to the accident frequency per man.’* The results of this analysis are 
shown in Figure SI. 

For purposes of comparison, the entire group of workers has been 
sub-divided into ten equal groups. The proportion of the total num- 
ber of accidents for which each of these groups is responsible is shown 
in the cross-hatched rectangles on this figure. The figures placed within 
the hatched area represent the percentage of total accidents for which 
the group has been responsible. So for example, the figure shows that 
the 10 per cent of employees with the worst accident record have been 
responsible for 31.85 per cent of all the accidents sustained by the 
1294 taxicab drivers included in the study. It can be seen from the 
figure that one-third of the taxicab drivers have been responsible for 
69.3 per cent of all the accidents. Fifty per cent of the drivers have 
been responsible for 82.84 per cent of the accidents, whereas the re- 
maining SO per cent account for only 17.16 per cent of all the acci- 
dents. A further analysis of the figure shows that 25.2 per cent of 
employees have been entirely free from accidents in the period covered 
by this report. It is interesting to note that the data obtained in 
accident-prone studies in other types of industries, if plotted on Fig- 
ure 5 1 , would closely conform to the curve shown on this figure. 

Studies in the electric railway industry have revealed a similar 
distribution of accidents among employees. The Personnel Research 
Federation ” has obtained accident data of approximately 100 t 3 q)ical 
employees of each of 32 street railway companies. The summary of 
the replies received on the accident history of 3290 operators is shown 
in Table 50. It can be seen that 2001, or 61 per cent, of the operators 
had five or fewer collisions. The reniaining 1289, or 39 per cent, had 
more than five collisions each. The first group had a total of 5407 
accidents or an average of 2.7 per man, while the latter group was 
involved in 11,567 accidents, or an average of 9 accidents each. 

The extent of difference in number of accidents between two groups 
employed for the same period of time can be further illustrated from 
an unpublished study of motormen made by the author in 1927. 

^0 Preventing Taxicab Accidents^ op. cii., p. 21. 

Safe Transportation, op. cit., p. 7. 

12 M. S. Viteles, from a report prepared for Philadelphia Rapid Transit Co., May 26, 1927. 




{From Preventing Taxicab Accidents, Metropolitan Life Insurance Co., 

New York, 1931) 
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In this investigation, the Transportation Department of the Phila- 
delphia Rapid Transit Company submitted the names of 100 train- 
men with exceptionally good accident records, and of 100 trainmen 
with exception^ly bad accident records. The names of trainmen with 
more than fifteen years of service were set aside. The remaining train- 
men, were paired so as to leave in both groups exactly the same num- 
ber of trainmen with the same length of service. It was possible to 

TABLE 50 

Accident Data of 3290 operators employed by 32 Street Railway 

Companies 


NUMBEK OF MEN 

NUMBER OF COLLISION ACCIDENTS PER MAN 
DURING THE YEAR 1927 

911 

0, 1, or 2 collision accidents 

1090 

3, 4, or 5 collision accidents 

703 

6, 7, or 8 collision accidents 

372 

9, 10, or 11 collision accidents 

134 

12, 13, or 14 collision accidents 

More than 14 collision accidents 

80 

obtain fifty-four such pairs distributed as follows with reference to 

length of service: 


NUMBER 

LENGTH OF SERVICE 

19 

1-2 years 

7 

3-4 “ 

4 

5-6 “ 

6 

7-8 “ 

13 

9-10 “ 

S 

Total S4 

11 years and above 


An analysis of the accident records revealed that the 54 men in 
the Good Record group had been involved in a total of 57 accidents. 
The 54 men in the Bad Record gropp had sustained a total of 784 
accidents, about 14 times as many as those occurring in the Good 
Record group. The distribution of these accidents is shown in Table 
51. 

A study by Slocombe and Bingham,^^ on the property of the Boston 
Elevated Company, reveals the same differentiation among operators 
with respect to accidents. A canvass of records showed that half of 
the accidents happened to less than one-third of the operators em- 

Sa/e Transportation, op. dt., p. 7. 

S. Slocombe and W. V. Bingham, “Men Who Have Accidents,” Pers, 7. (1927), p. 2. 



ACCIDENTS IN TRANSPORTATION INDUSTRY 37S 

ployed by this company. In one sample of 200 men, half the accidents 
happened to only one-fifth of the motormen. Of 2,300 men employed 
in the operation of surface cars 1,828 had 3,870 collisions or an av- 
erage of 2.1 per man whereas 472 high-accident men had 3,327 or 
an average of 7 collisions per man.^® 

The existence of susceptibility of accidents in motor vehicle opera- 
tion has been demonstrated not only within the transportation in- 
dustry, but in studies of the operators of private automobiles. A study 
by the National Safety Council of 64,000 New York State motor 
vehicle accidents showed that the number of drivers with 3 accidents 
was approximately 3 times the number that could be expected on 
the basis of a chance distribution. In another investigation,^'' the 
records of 100 drivers involved in fatalities were compared with the 
records of 100 drivers chosen at random from the files of one of the 
State Motor Vehicle Bureaus. In the random group of drivers, one out 
of every 20 had had a bad record the previous year. In a group of drivers 
involved in fatalities, 7 times as many had bad records the previous year. 

TABLE SI 

Distribution of Accidents of 108 Motormen Paired for Length of 



Service 


TYPE OF ACCIDENTS 

GOOD RECORD 

BAD RECORD 


(S4 Motormen) 

(54 Motormen) 

Vehicles 

7 

136 

Autos 

34 

511 

Personal 

0 

27 

Car 

16 

no 

Total 

57 

(After Viteles) 

784 


It is clearly obvious from the studies cited above that in the trans- 
portation industry, as in other industries, the occurrence of acci- 
dents depends largely upon individual susceptibility. Here, as else- 
where, they happen frequently to some men and infrequently to others 
as a logical result of a combination of circumstances, the nature of 
which can only be made clear by experimental analysis. 

The history of accident prevention in the transportation industry 
resembles closely that of other industries. Propaganda and mass edu- 
cation have been followed by statistical studies designed to determine 

“C. S. Slocombe and E. E. Brakeman, "Psychological Tests and Acddent-Proneness,” 
Brii. J. Psych.. 21 (1930), p. 37. 

** A. P. Weiss and A. R. Lauer, op. cit., p. 3. 

’’ W. V. Bingham, “Prone-to-Accident Driver," Proceedings 17th Annual Conference on 
Highway Engineering, Ann Arbor, Mich., 1931, p. 4. 
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the influence, i^n accident-proneness, of such factors as age, physical 
condition, expedience, individual ment^ traits, etc. In addition, in the 
transportation Industry, the statistical analysis of mass data has been 
supplemented by another psychological procedure — the clinical study 
of the individual involved in accidents as a means of determining the 
exact factors operating in his case and as an aid in the prevention of 
further accideuts on his part. 

THE CLINICAL METHOD IN ACCIDENT PREVENTION 

The psychological study of accidents in the manufacturing industry 
has been largely confined to a statistical study of factors influencing 
accident susceptibility. Such statistical studies are of unquestion- 
able significance in arriving at a knowledge of the causes of accidents, 
and in the development of a program for reducing accidents in in- 
dustry. However, they suffer from serious limitations as practical aids 
in the reduction of accidents. 

In the first place the statistical approach is oriented from the view- 
point of discovering relations existing in a group of individuals, and 
not from the point of view of the adjustment of the single individual 
who has become involved in or is susceptible to accidents. It con- 
tributes little in the way of techniques or methods which may be use- 
ful in the adjustment of the individual worker who sustains accidents. 
The discovery, for example, that the proportion of younger men in- 
volved in accidents is greater than that of older men; that there is 
a correlation between minor illnesses and minor accidents; that 
there is a difference of 48 per cent in accident rate between those 
scoring above and those scoring below the average on tests of psycho- 
motor and other traits; etc., is of extremely great interest and im- 
portance. However, such facts are insufficient, in themselves, in help- 
ing one who has already become involved in an accident and in 
preventing further accidents on his part. The statistical approach limits 
itself to the accumulation of facts, but provides no procedure for ap- 
plying these facts in the further study and adjustment of the individ- 
ual worker. 

The function of the statistical approach and of statistical investiga- 
tions in preventing accidents attributable to the human factor may be 
described as that of investigating group tendencies. In contrast with 
this is the clinical approach — the functions of which are to determine 
the relationship existing among a number of factors which have 
played or may play a part in the case of the individual who becomes 

i®M. S. Viteles, “The Clinical Method in Industry,” Ind. Psych,, 1 (1926), pp, 753-58; 
M. S. Viteles, “The Clinical Viewpoint in Accident Prevention,” Proceedings 5th Inters 
national Congress of Psycho-technology, Utrecht, (1928). 

M. Newbold, op, cit. 

^Ibid, 

£. Farmer and £. G. Chambers, op, cU. 
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involved in accidents and to develop a program for the prevention 
of additional accidents on his part. 

Another limitation of the statistical viewpoint in accident preven- 
tion is its emphasis upon isolated aspects of individual personality, 
in contrast with the concern, in the clinical approach, for the totd 
personality of the accident-prone individual. The point of orientation, 
in the statistical analysis, is not the individual who, in the final analy- 
sis, is the one susceptible to and suffering from accidents, but isolated 
sectors of individual make-up such as age, experience, reaction time, 
perseveration, accuracy of response, etc. It is assumed that the in- 
dividual is a sort of mosaic, and that the sum of the single stones in 
this mosaic constitutes the whole.^® It is undoubtedly true that a de- 
tailed examination of each stone tells much about the structure of a 
mosaic, but the contribution of each to the value of the whole flows 
from the integration of the various parts, and can only be fully de- 
termined through an examination of the whole and of the interrela- 
tionships among the parts in the whole. 

The aim of the clinical approach is to examine the whole individual, 
and from an examination of the whole to arrive at a knowledge of 
the significance of the various aspects of his personality — the relative 
importance of each sector of his personality in a given situation. The 
application of the clinical approach in the analysis of accident causes 
involves a complete study of the individual involved in accidents. As 
indicated in the discusson of the clinical method in the chapter on 
“Psychological Foundations of Industrial Psychology,” it makes the in- 
dividual the point of departure, and provides for a thorough examina- 
tion of every factor — physical, mental, social, and economic, and of 
those extraneous to the individual — which may have played a part 
in the accident in which he has been involved. From such a clinical 
analysis it is possible not only to assemble complete data on the causes 
of the accident, and to provide for the adjustment of the individual, 
but also to arrive at sound principles for the prevention of accidents 
in industry. 

CLINICAL STUDIES OF ACCIDENT-PRONE DRIVERS IN THE TRANS- 
PORTATION INDUSTRY 

In the transportation industry there is an increasing tendency to 
view the occurrence of accidents as an individual problem. “Just as 
a physician diagnoses and treats a chronic ailment to effect a cure, 
so those employees who are repeatedly involved in accidents or are 
accident-prone are being studied and treated individually in the be- 
lief that many of them may be adjusted properly and become assets 
rather than liabilities. Case study methods, while reducing accident 

S. Viteles, “Die ‘Gestalt’ Betrachtuopweise in der an.;cwandten Psycbologie,” 
Z. fur Ang. Psy., 35 (1930), pp. S2S-il. 
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frequency amoqg the small group of high-accident men, tend at the 
same time to mcourage the entire group of employees to improve 
their records by breaking down the age worn theory that accidents 
are a matter of ‘hard luck’ and that they cannot be prevented.” 

The diagnosis of accident-proneness is being followed by special- 
ized treatment and treatment based on an exact knowledge of the 
factors which are responsible for the accident record in the case of the 
particular individual.’’* Treatment takes the form, not of mass educa- 
tion, or the more drastic measure of termination, but most frequently 
that of s}rstematic instruction designed to efface such faulty habits 
of operation as may be responsible for the accident record. In other 
cases, medical treatment, discipline, encouragement, and supervisory 
follow-up may be employed in rehabilitating the accident-prone em- 
ployee. This treatment is differential in character. It recognizes that 
there are many different causes of accidents and that they may be 
combined in different patterns in different individuals. 

The knowledge of the factors which play a part in the case of a 
single individual is obtained by an experimental study of the individ- 
ual. This includes psychological examination, close observation of 
operation details, a review of his relationship with supervisory officers 
and fellow-workers, and possibly a detailed study of the home cir- 
cumstances. 

On the basis of these facts, the program most suitable for that in- 
dividual is laid out. In some cases, the causes for the bad accident 
record cannot be eradicated and, in these instances, discharge or trans- 
fer must be resorted to as a means of preventing further accidents 
on the part of such an operator. Perhaps, however, the most signifi- 
cant of the very many findings obtained from such an approach is the 
fact that termination or transfer need be resorted to in relatively few 
cases. So, for example, in the case of 54 men studied in one accident 
clinic, in a period of a year, only 3 men were recommended for dis- 
charge.*® The point of view of the accident clinic is that the dismissal *® 
or even transfer of a so-called “accident-repeater” can be justified 
economically and socially only when it has been fully and reliably 
determined that it is impossible to correct the individual characteris- 
tics and habits which make him accident-prone. 

Where selection tests are being used a large proportion of those 
who are fundamentally unsuited for motor vehicle operation are be- 
ing refused employment. The selective process of work itself results 
in the elimination of others who are totally unsuited for this work. 
Those who remain tend to be a somewhat selected group whose acci- 

The Accident-Prone Employee, Metropolitan Life Insurance Co., New York, 1931, p. 6. 

**W. V. Bingham, ‘‘The Prone-to-Accident Driver,” Proceedings 17th Annual Con- 
ference on Highway Engineering, Ann Arbor, 1931, p. 9. 

S. M. Shellow, ‘‘The Accident Clinic, How it Functions and What it Accomplishes,” 
Pers. 3 (1930), p. 214. 

** Preventing Taxicab Accidents, op, cit., p. 27. 



ACCIDENTS IN TRANSPORTATION INDUSTRY 379 

dent record is largely due to factors other than native capacity, such 
as faulty habits of operation, faulty attitudes, medical defects, etc., 
subject to correction when their exact nature is uncovered. 

Study of Accident-Prone Motormen — Cleveland Railway Company 

Street railway companies in Milwaukee, Cleveland, Boston, and 
taxicab companies in Philadelphia and New York have made use of 
clinical studies of accident-prone drivers as an aid in the reduction 
of accidents. The methods employed and results obtained in this ap- 
proach can, perhaps, best be illustrated by a brief description of the 
procedures and findings in the study of accident-prone drivers by the 
Cleveland Railway Company.®^ Notwithstanding a 22.3 per cent re- 
duction in accidents over a five year period, following the application 
of the traditional methods of safety engineering, there were indica- 
tions that general educational safety work failed to accomplish re- 
sults under certain conditions. This appeared particularly in the case 
of the Woodhill Station, which experienced a steady increase in acci- 
dents in 1927 as compared with other divisions. This was made an ex- 
perimental station for the application of the methods of clinical psy- 
chology as an aid in accident reduction. 

One hundred and sixty-seven motormen employed in this station 
were found to have 0.86 accident per thousand car miles during 1928. 
Fifty motormen with the poorest records per thousand car miles were 
considered as accident-prone for the purposes of the study. This 
selected group of men, comprising approximately 30 per cent of the 
total number of motormen at the station, had been involved in 44 per 
cent of all the accidents reported at the station. 

As a preliminary to the individual study of each man, an analysis 
was made of the past service records in order to determine the rela- 
tionship between age, experience, delinquencies, and similar factors and 
involvement in accident. Following this, a careful clinical study was 
made of each motorman. The motormen were frankly informed of the 
purposes of this study in an announcement stressing its constructive 
aim in helping to improve the performance of each man and the 
standing of the station. The case study of each accident-prone motor- 
man included a consideration of the following items: 

1. Observation of operations, involving a careful examination under 
normal operating conditions of 

a. General operation 

b. Motoring habits 

c. Mental factors 

d. Physical factors. 

2. Analysis of previous ami current year’s accident record. 

3. Personal interview. 

4. Decision as to primary causes of accident-proneness. 

The AcciderU-Prane Employee, op, cU, 
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5. Preparation of report of case recommending treatment based 
upon findings* 

6. Treatment and follow-up. 

The exhaustive and analytical character of the study of each op- 
erator is illustrated in the complete report on Case #28, 


Case no. 28 
Badge No. 7-513 

In Service — 2 Yrs., 2 Mos. Age — 29 


I — Accident Data; 

(a) Total Accidents, 1928 32 

(b) Accidents per 1,000 Car Miles, 1928 1.21 

(c) Total Accidents, 1929 7 (To Date) 

(d) Accidents for which he was disciplined, 1928 2 

(e) Major Types of Accident, 1928; 

1. Vehicle Collisions 12 

Vehicles Striking Rear End 5 

Vehicles Cutting onto Track 3 

Side-Rubs 2 

Miscellaneous 2 

2. Boarding 5 

3. Falls in Car 5 

4. Alighting 1 

5. Miscellaneous 9 


II — Service Data: 

(a) Misses, 1927 

Misses, 1928 

(b) Reprimands, 1927 

Reprimands, 1928 

(c) Number of Days of Discipline, 1927 
Number of Days of Discipline, 1928 

(d) Power Consumption Rating 

III — Observation of Operation: (Two Observations) 

This motorman gives one the impression of being a conscientious worker; 
he attends strictly to business and seems to be alert constantly. When he is 
carrying a heavy load he puts all of his effort on the job, as though determined 
to do his utmost to get over the road on time. 

The subject clearly displays impulsive characteristics; he wants to keep 
going and is impatient to get off after making a stop. His stops and starts are 
much too fast, causing a standing load to lose its balance. Moreover, he fre- 
quently fails to close his door before starting. Twice within a few days he was 
observed starting his car while a passenger was still on the step. He has also 
formed a habit of opening his door before bringing the car to a stop. 

Attention, judgment of speed and distance, reaction and attitude appear to 
be beyond reproach. The causative factors of accidents in this case are almost 
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solely faulty starting and stq^ing habits. This is substantiated by the fact 
that 35% of all his accidents are falls, boarding, in car, and alighting . More- 
over, five of the twelve vehicle collisions in which he became involved during 
1928 are “vehicle striking the rear of car,” also attributable to sudden stops. 

IV — Personal Interview: 

The subject is somewhat nervously constructed; his speech is rapid and his 
gestures and movements are impulsive at times. As observations of his work 
disclosed, he is inclined to be impatient; to make hasty decisions and then 
later to regret having made them. His attitude toward his work is excellent. He 
appears conscientious and is determined to make good. He seemed very much 
concerned about his high acddmt record, stating that he was glad to Imow all 
the facts and that he would do his best to correct the starting and stopping 
habits he had formed, none of which he denied. 

Mentality, health and family conditions are normal in every respect. 

V — ^Treatment; 

That he be reinstructed weekly on the platform, and that his case be reviewed 
within two months’ time. 

The most significant finding in the Cleveland study is that in no 
two cases were the causes of accident-proneness exactly similar. “In 
most instances, several causes existed, although in each case, one of 
these was found to be of primary importance.” ** The percentage 
distribution of primary causes of accident-proneness among the 50 
men is presented grapldcally in Figure 52. 

An analysis of these various causes ** shows that physical difficul- 
ties were found to be of primary importance in only 12 per cent of 
the cases, classified in Figure 52 under the headings of “Defective 
Vision,” “Organic Diseases,” “High Blood Pressure,” and “Senility.” 
This is particularly significant in view of the tendency of industrial 
medical men to place the responsibility of any maladjustment in in- 
dustry largely upon physical difficulties. In 22 per cent of the cases 
an improper “mental attitude,” or “personality maladjustment,” was 
found to be the primary factor in accidents. The largest group of 
accident-prone men included those whose accident records were due 
primarily to “operating defects,” 66 per cent of the men exhibiting 
“failure to recognize potential hazards,” “faulty judgment of speed 
and distance,” “improper distribution of attention,” etc. 

The procedure adopted in each case for preventing further acci- 
dents depended upon the analysis of the accident-prone drivers’ par- 
ticular defects. In certain cases, medical treatment was undertaken. 
In others, with the co-operation of the Supervisory Force of the Oper- 
ating Department, a program was outlined to overcome the personality 
defects. Where faulty habits of operation were at the basis of the bad 
accident record, reinstruction was undertaken. A special instructor 
rode periodically with the subject while on duty and tactfully and 

p. 10 

** Ibid, p. 15. 
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Figuke 52, Primary Causes oj AccidetU-Proneness: Percentage Distribution 
Among Fifty Motormen, Woodkitt Division, The Cleveland Railway 
Company 

(Prom The Accident-Prone Employee, The Metropolitan Life Insurance 
Company, New York, 1930) 
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carefully induced the substitution of proper habits of (^ration for 
faulty operating habits. 

As a result of this application of the clinical method in the study 
and treatment of accident-prone drivers, the combined rate of acci- 
dents on the part of the motormen involved in this study dropped 
from 1.31 per thousand miles in 1928 to 0.75 in 1929, equivalent to a 
reduction of 42.7 per cent. The accident records of accident-prone 
motormen before and following study are shown in Figure 53. All but 
three individuals show a reduction in accident rate and in two of these 
cases treatment was postponed indefinitely because of company policy. 
When it is recognized that these are the men with the worst accident 
records who, under ordinary conditions, are simply terminated, or held 
on without treatment, because of len^ of service, the significance 
of these results gather additional import. 

In addition to the improvement of the individual motormen, the 
Woodhill Station showed the largest accident reduction on the system 
for the period of the study in contrast to the steady increase in record 
in 1928 and 1927 over 1927 and 1926, respectively. The satisfactory 
results of this program have led to its extension to other stations and 
to the other classes of employees of the Cleveland Railway Company. 

Other Studies of Accident-Prone Operators of Motor Vehicles 

The procedures employed in the study of accident-prone drivers by 
the Cleveland Railway Company are essentially the same as those 
which have been used informally for many years by the Psychological 
Division of The Milwaukee Railway and Light Co., established in 
1920 by the author in co-operation with Arthur J. Rowland, Educa- 
tional Director of the Company. In January, 1929, a formal accident 
clinic was organized by this company, under the direction of S. M. 
Shellow,*® who is at present psychologist for this organization. The 
membership of this clinic includes a Superintendent of Transporta- 
tion, the Safety Director, Medical Director, Head of the Claims De- 
partment, divisional superintendents interested in particular cases. 
Superintendent of Training, a representative from the employees’ as- 
sociation, Psychologist, and Assistant Psychologist. 

The records of men selected by the Safety Director, because of the 
frequent occurrence of accidents, or because of some specific accident, 
are reviewed at the bi-weekly meetings of this group. The records of 
such men are thoroughly reviewed and summarized by the psycholo- 
gist who also applies the motorman selection test and other tests de- 
scribed in Chapter XIV, as an aid in analyzing the causes ol accident- 
proneness. Each member of the clinic presents the information about 

Ibid, p. 20. 

Actual number reduced to 44 as a result of transfer occurring within the period of 
study (3 men) ; sickness (1 man); resignation and discharge (2 men). 

S. M. Shellow. op, cU, 
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Figure S3. Frequency Rates for Each of 44 Accident-Prone Motormen Show- 
ing Comparison Before and Following Study — 1928 and 1929 — WoodhiU 
Division, The Cleveland Railway Company 
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Company, New York, 1930) 
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the employee which exists in his file. The data is summarized by the 
psychologist and, on the basis of a complete review of these finings, 
a program of re>instruction, or of medical care, or of social readjust- 
ment is outlined for each individual. 

A follow-up of men examined at the clinic is maintained. During the 
first year of operation of the accident clinic, that is, from January 1st, 
1929 to January 1st, 1930, reduction of accidents on the entire system 
of The Milwaukee Electric Railway and Light Company was approri- 
mately 25 per cent. Over the same period, a reduction in accidents of 
the special group studied in the clinic was 81.5 per cent. In addition, 
the average accident per man in this accident-prone group was re- 
duced from 2.8 to .51 which is below the average for the entire 
system.*® 

An elaborate program of individual study and treatment of accident- 
prone drivers was undertaken in, 1927, by the Boston Elevated Rail- 
way Company, under the direction of Dr. W. V. Bingham of the 
Personnel Research Federation. The methods employed in this study 
are essentially the same as those described above. It is based on the 
point of view that the “best approach to safety is the approach which 
places special emphasis on the individual. It recognizes the great 
variety of individual differences. In dealing with each motorman or 
each truck driver, or each automobilist, he is recognized not as one 
of the mass, but as a distinct personality, unique.” 

The value of this approach is clearly brought out in the fact that on 
the Boston Elevated Railway, as a result of the application of these 
procedures, the actual net savings in the cost of injuries and damages 
in 1929 as compared with 1928 amounted to $300,670.73. Collision 
accidents on bus lines and street railways have been reduced more 
than 35 per cent since this work was started in 1927. In January, 
1930, all previous records were broken, collision accident records being 
reduced to 1.16 per 10,000 car miles, which is less than one-half of 
those for the same month in 1927.*® The figure for 1931, as compared 
with those for 1926, show a 58 per cent reduction in collision of surface 
cars with trolleys; 54.4 per cent with pedestrians; 71.3 per cent with 
other surface cars; 36.8 per cent in boarding and alighting accidents and 
23.6 per cent in all other accidents.*® Accomplishments such as these, 
point clearly to the economic value growing out of the application of 
psychological methods in accident reduction. Associated with these eco- 
nomic returns are enormous social benefits in reducing the suffering and 
the general social maladjustment associated with personal injury result- 
ing from accidents. 

p. 21S. 

'*W. V. Bingham, “Personality and Public Accidents, The Study of Accident-Prone 
Drivers,” Transactions Seventeenth Annual Safety Congress, New York, 1928, pp. 7-8. 

** Safe Transportation, op. cU., pp. 1-4. 

** From data furnished by Dr. W. V. Bingham. 
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SPECIFIC FACTORS IN ACCIDENT SUSCEPTIBILITY IN THE TRANSPOSTA* 

TION INDUSTRY 

Although the studies described above were primarily undertaken 
for purposes of individual adjustment, they have also resulted in the 
accumulation of data of extreme value in arriving at a more complete 
understanding of the nature of accident susceptibility. 

A few illustrations will serve to give an indication of the character 
of this data, which cannot be cited in detail. 

The studies agree in noting an inverse relationship between experi- 
ence or length of service on the job and accidents in the transportation 
industry.*'^ In the Cleveland study, men with 5 to 10 years of experi- 
ence showed a combined rating of 0.84 accident per 1,000 car miles 
while those having less than 5 years service had a rating of 1.14 or 
36 per cent higher.®* However, as is pointed out by Slocombe and 
Bingham,®* this relationship may be an artifact, inasmuch as the ex- 
tremely incompetent and dissatisfied individuals are gradually sepa- 

TABLE 52 

Shoiving that Men who Operate Economically Tend to Operate Sajely 
and also to give More Satisfactory Service 

NUMBER OF MEN ACCmENTS DELINQUENCIES 

Men with low coasting record 100 364 73 

Men with high coasting record 100 313 46 

(After Slocombe and Bingham) 

rated from the job, leaving a larger proportion of more efficient and 
better satisfied men on the job with increasing years of service. 

The relationship between susceptibility and age is not as clear cut. 
There seems to be general agreement that age is not an important 
factor, although there is some indication that older men tend to have 
more accidents.** However, it is possible, as is again pointed out by 
Slocombe and Bingham,** that the relationship in this case is between 
the impaired physical conditions (most particularly high blood pres- 
sure) of the older men, rather than between age and accidents. 

There are findings which favor the opinion that there exists a direct 
relationship between accidents and operating efficiency. In two separate 
studies of motormen *® there appears a greater consumption of power 

Preventing Taxicab Accidents, op. cit., p. IS. 

^^The Accident-Prone Employee, op. at., p. 7. 

C. S. Slocombe and W. V. Bingham, “Men Who Have Accidents,” op. cit., p. 7. 

S. Viteles, Report to Philadelphia Rapid Transit Company, May 26, 1927; C. S. 
Slocombe and W. V. Bingham, op. cit.; Preventing Taxicab Accidents, op. dt. 

C. S. Slocombe and W. V. Bingham, op. dt., p. 5. 

Acddent-Prone Employee, op. cit., p. 7. C. S. Slocombe and W. V. Bingham, op. dt., 
PP. 2-A. 
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by men with the high accident rate. In the Boston study there is also 
reported a direct relationship between accidents and the delinquencies 
records of the operators. The extent of this relationship as well as 
with consumption of power (indicated in poor coasting record), is 
shown in Table 52. The investigation of Cleveland motormen fails 
to confirm this finding. However the observed relationship between 
the use of power and safety of operation is an indication that unsafe 
operation is usually inefficient operation. 

In an earlier chapter the author has referred to the use of tests in 
the selection of motormen, and has described apparatus used for this 
purpose. In the application of such tests investigators are not primarily 
concerned with the experimental analysis of the mental traits under- 
lying susceptibility to accident. Such an analysis, as has been pointed 
out, is necessary in the development of a test but, generally speaking, 
it is considered as incidental in the preparation of tests. The em- 
phasis is upon the validity of the test in distinguishing between satis- 
factory and unsatisfactory operators, and not upon the mental traits 
which underly proficiency and safety in the operation of the motor 
vehicle. 

In a recent study by Slocombe and Brakeman ** a comparison has 
been made of performance in a series of selected tests of 43 high acci- 
dent men and 43 low accident men, employed on the Boston Elevated 
Railway, mated with respect to age, length of service, hazards of 
route, etc.^® The tests included measures of “perseveration,” “oscilla- 
tion,” “speed,” “accuracy,” and “muscular control.” 

Perseveration, for example, was measured by choice reaction tests 
in which the subject was instructed to respond to a red light by press- 
ing a button with his right hand, and to a green light by pressing a 
button with his left hand. The test was then repeated, the direction of 
response being reversed, that is, the right hand being used to respond 
to the green light and the left hand to the red light. The difference 
between the number of omissions and mistakes and the speed of re- 
action in the first and second tests was used by the authors as one 
measure of “perseveration.” A number of other tests were at first 
employed as additional measures of “perseveration,” but they were 
ultimately discarded. 

“Oscillation,” “speed,” and “accuracy” were likewise measured by 
differential reactions to visual signals. “Muscular control” was meas- 
ured by requiring the subject to pass a control handle through 8 
notches in 9 seconds. 

Elaborate data on reliability and an extended “apologia” on the 
significance of low coefficients of correlation between tests and criterion 

Accident-Prone Employee, op. cit., p. 7. 

C. S. Slocombe and E. E. Brakeman, op. cit., pp. 28-38. 

^®This investigation is a continuation of the study of accident*prone drivers started 
under the direction of Dr. W. V. Bingham, of the Personnel Research Federation. 
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are presented l]Qr the authors, who conclude from the fact that 8 of 
the high acddeat men made “poor” scores on the tests in comparison 
with 2 of the l<»r accident men, that the tests are of value in diagnos- 
ing and in establishing the relationship between accident-proneness 
and test perfortnance. 

Weiss and Lauer have undertaken an extensive study of psycho- 
logical factors in automotive driving. The authors have viewed this 
investigation as a preliminary study and have concerned themselves 
largely with the development of apparatus and techniques which may 
be employed in the further study of the personality of drivers. The 
subjects examined included three groups: Group A consisting of 141 
students and citizens examined during the fall of 1928; Group B of 
84 students of Ohio State University, examined during the Spring of 
1929; Group C of 132 students, citizens, truck drivers, and taxicab 
drivers. The subjects in Group C were used as a check on the first 
two groups. In dl 357 subjects were carefully studied in the course 
of the investigation. 

The procedures employed in this investigation and the results ob- 
tained are too varied for detailed description in this chapter. The pro- 
cedures include a very carefully devised and controlled examination 
of automobile operation on the road. Among laboratory tests devised 
for the purposes of this study is an apparatus for measuring eye, band, 
and foot co-ordination; a pursuitmeter; a psychogalvanometer; an 
especially constructed miniature highway for testing the estimation 
of velocity; etc. A number of physiological tests and sensory tests such 
as measurement of pulse; the measurement of near and far vision; of 
ocular balance, etc., were also included. The study also involved an 
attempt to differentiate the social characteristics of convicted auto- 
mobile drivers. On each test a careful comparison was made between 
“accident” and “non-accident” groups. 

According to the investigators in this study on the nature of suscepti- 
bility to accident “the following tendencies seem established and at 
least indicate the direction of future research.” 

1. Single defects do not account for accident-proneness. It is pos- 
sible that “any one defect may be duly compensated by other adjust- 
ments, especially if the driver knows his limitations.” 

2. Nervousness is a major cause of accidents especially when asso- 
ciated with poor motor co-ordination. Nervousness is used in a broad 
sense, referring not only to actual organic disturbance, but to unsatis- 
factory adjustment resulting from home or social conditions. 

3. Visual defects do not appear to be of importance in themselves, 
although constituting a strain on the driver which may result in ac- 
cidents. Esophoria is most often associated with accident-proneness. 

M A. P. Weiss and A. R. Lauer, op. cU. 
im. p. 145. 
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4. Low vitality frequently results in inattention v^ch constitutes 
the major factor in certain types of accidents. 

5. It is pointed out that the safe operation of motor vehicles is 
partly a matter of education. “The actions of the expert and safe 
driver are too complex to justify the hope at this time that there is 
any very simple measurement which will indicate lus skill.” The licens- 
ing problem, according to these investigators, involves, for the present 
at least, the use of road tests, which can be gradually simplified to a 
laboratory performance.** 

6. The final conclusions of the investigators point to the extreme 
complexity of the problem of safe motor vehicle operation. The im- 
portance of procuring the co-operation of private concerns employing 
many drivers and of the various political agencies in the further inves- 
tigation of the problem is stressed. The inadequacy of state laws, in 
emphasizing physical characteristics of the driver in the licensing of 
automobile operators, is pointed out. 

The type of laboratory study developed by Weiss and Lauer ** satis- 
fies a great need in the complete analysis of accident susceptibility. 
Under laboratory conditions it may be possible to refine the analysis 
to an extent impossible in the industrial situation. At the same time, 
it must be recognized that the most important contributions to date in 
the analysis of accident-proneness in the operation of motor vehicles 
has come from within the transportation industry. There is reason for 
hopefully awaiting a more complete understanding of the complexity 
of this problem from the continued co-operation of universities and in- 
dustrial research centers in its investigation. 


SEX DIFFESENCES IN PEONENESS TO MOTOR VEHICLE ACCIDENTS 

The employment of women in the taxicab industry has made pos- 
sible the investigation under controlled conditions of sex differences 
in proneness to motor vehicle accidents. This study,*® made by the 
author with the assistance of a graduate student, represents a compari- 
son of accident records of men employed by the Yellow Cab Com- 
pany ®* and of women employed by the Cunningham Cab Company 
of Philadelphia both operating, at the time of the study, under Mitten 
Management. 

On very few questions is opinion so dogmatic and so unsupported 

considering this conclusion, it is of course important to note the predictive value 
of selection tests which have been successfully employed in the transportation industry. 
It is true that these tests are not “simple in character/’ and it is possible that the authors 
had this in mind in drawing this conlusion. 

A. P. Weiss and A. R. Lauer, op. cit. 

®<>M. S. Viteles and H. M. Gardner, “Women Taxicab Drivers,” Pers, 7 (1929), 
pp. 349-55. 

The study was made possible by the kindness of E. S. Higgins, General Manager of the 
Yellow Cab Company of Philadelphia, whose co-operation is gratefully acknowle^ed. 
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by factual data as on that of the relative safety of men and women 
automobile drivers. There appear to be only two opinions: (1) that 
men are safer (frivers than women; (2) that women are safer drivers 
than men. Of these, the first, in general, seems to be the opinion held 
by men, and the second that of women drivers. 

The question is of some importance from the viewpoint of the gen* 
eral problem of sex differences, and also, by reason of the tendency 
to substitute women for men as operators of motor vehicles. This 
tendency has shown itself in the appearance in recent years of women 
taxicab drivers in a number of cities of the United States and of Eu- 
rope, and of women street car drivers in a number of European cities. 

The chief purpose of this study was to compare men and women 
taxicab drivers. As a preliminary to this investigation, comparative 
figures on operators of non-commercial vehicles were sought from 
insurance companies, automobile clubs, and state highway depart- 
ments. It was found that only meagre data of this sort was obtainable, 
but the available evidence appeared to favor the woman driver. So, 
for example, a report issued by the Department of Motor Vehicles of 
the State of Connecticut for 1927, shows that although about 20 per 
cent of the drivers’ licenses are held by women, the latter were involved 
in only 9.6 per cent of the accidents during the year. In the District 
of Columbia women, representing IS per cent of the licensed operators, 
were during 1927 responsible for only 6 per cent of the non-fatal 
accidents and 2.4 per cent of fatal accidents. 

Similar evidence from other States seems to favor the women driv- 
ers. However, it is clear that this evidence is inadequate, inasmuch 
as it fails to consider important differences between men and women 
in operating conditions. It is safe to assume that the average number 
of miles covered by male operators is considerably in excess of the 
average number covered by women drivers. Men drive in heavier 
traffic and operate more frequently in stormy weather than do women. 
Only male drivers operate trucks and other heavy vehicles, in the case 
of which the proportion of accidents is greater than among lighter 
vehicles. It is with a purpose of avoiding such variables that the study 
described immediately below was undertaken. 

The study covered a period of 11 months, between March 1st, 1927 
and February 28th, 1928. Figures for December, 1927, were not in- 
cluded because during that month women drivers were transferred 
from the company by which they were originally employed to another 
with which a merger was being made. For this reason complete figures 
were not available for that month. 

The number of male drivers employed at any time was about 2000. 
The maximum number of women cab drivers employed was 40, the 
number varying from 3 S to 40 in the period covered by this report. 
Although only a maximum of 40 women were employed at any one 
time, the records included in this report actually deal with the per- 
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formance of approximately 150 women who were hired in the course 
of the year to maintain the standard working force of 40. 

Conditions of work were almost identical for men and women. Both 
operated the same type of taxicab. The mechanical condition of the 
cabs was carefully checked as part of the maintenance policy of the 
companies. Women as well as men operated in all kinds of weather 
and traffic conditions. Women, however, were not employed on the 
night shift. 

In one important respect there existed a difference between men and 
women drivers. In the case of men it has been the custom of the com- 
pany to employ only those who possessed a driver’s license in Pennsyl- 
vania and who were able to pass a fairly well standardized driving 
examination prior to employment. In the case of women such a regu- 
lation was not applied. A number of the women operators were not 
experienced in driving when hired. They were given a very thorough 
course of training in driving and placed on cabs immediately after 
training. 

Records are not available to show the percentage of accidents for 
which these newly trained drivers are responsible. Throughout the 
entire year of operation, however, only 30 inexperienced drivers were 
placed under instruction. Of these, 22 completed instruction and were 
placed on the cabs. In other words, about 14 per cent of women drivers 
placed on the cabs during this period were inexperienced. Oh Febru- 
ary 1st, 1928, 10 of these drivers were still on the payroll. 

It is impossible to determine the exact effect of this variable on the 
observed difference in accident rate between men and women drivers, 
but it is unquestionably a factor to be considered in the interpretation 
of the figures submitted in this report. However, the highly selected 
character of this relatively inexperienced group, the thoroughness of 
the training given to the women, and the small percentage of inex- 
perienced drivers in the whole group of women, suggest that it should 
not be weighted too heavily in the consideration of this data. 

In Table S3 is presented an anal 5 rsis of the average number of acci- 
dents per 1000 miles and per $1000 revenue of men and women taxi- 
cab drivers. An examination of the table shows that women taxicab 
drivers were responsible for three times as many accidents per 1000 
miles as men, and three and a half times as many accidents per $1000 
revenue as were men. 

It seemed interesting to investigate the question of whether the acci- 
dents in which women are involved were as serious as those involving 
men. This investigation could not be extended to the entire t)eriod cov- 
ered by this study. An analysis of accident cost, however, for men and 
women drivers for one month (November 1927) showed tire average 
cost per accident of men to be $31.83 per thousand miles, whereas 
that of women was $15.76. In the case of cost per thousand dollars 
of revenue the figure is $5.77 for men and for women $2.68. 
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These cost figures do not include legal expenses or the cost of un- 
settled claims. Furthermore, the figures cover too short a [>eriod to be 
conclusive. They do suggest, however, that the accidents in which 
women are involved are, on the whole, less serious than those in vdiich 
men are involved. This evidence is in favor of a not unconunon opin- 
ion that women, through over-cautiousness, cause accidents^ on the 
part of fellow-drivers. In such accidents the women drivers involved 
naturally have no damage charge against the vehicle operated by them. 
This is possibly further home out by the fact that the proportion of 
accidents followed by claims is smaller in the case of women than in 
the case of men drivers. 


TABLE 53 

Comparison of accidents to men and women taxicab drivers 


ACCIDENTS PER 1000 MILES ACCIDENTS PER $1000 REVENUE 


TIME 

t 

FEMALE 

MALE 

N r 

RATIO 

FEMALE 

MALE 

RATIO 




f:m 



f:m 

1927 







March 

. . 0.366 

0.251 


3.02 

1.49 


April 

. . 0.8S1 

0.256 


5.55 

1.41 


May 

. . 0.649 

0.275 


4.93 

1.51 


June 

.. 0.314 

0.231 


2.23 

1.27 


July 

. . 0.608 

0.226 


4.43 

1.41 


August 

. . 0.954 

0.255 


9.98 

1.23 


September . . . 

.. 0.911 

0.248 


5.01 

1.43 


October 

.. 1.278 

0.263 


7.75 

.1.46 


November . . . 

. . 0.857 

0.250 


5.04 

1.41 


1928 







January 

. . 0.721 

0.274 


4.07 

1.46 


February . . . . 

. . 0.897 

0.276 


5.80 

1.54 


Total 

. . 0.767 

0.257 

2.98 

5.063 

1.449 

3.49 



(After Viteles) 





The figures obtained in this comparison of men and women taxicab 
drivers favor the point of view that the present generation of women 
drivers is more susceptible to accidents than the present generation of 
men drivers. The extent to which this is the result of relative inexpieri- 
ence in driving, or of a sex-determined difference in susceptibility to 
accidents in traffic, cannot be finally determined from an examination 
of the present data. The fact, however, that a sampling of women 
suffers more accidents when driving imder the same conditions as a 
somewhat similar sampling of men is clearly established. 



XIX« THE ACQUISITION OF SKILL 


INTRODUCTION 

Training is among the principal factors in increasing efficiency and 
improving individual adjustment in industry. A well-organized train- 
ing program, based on a sound analysis of the job and applying well- 
established learning principles, enables the worker to employ the most 
effective methods in the performance of his task. Systematic instruc- 
tion speeds the rate of acquisition of skills and thereby reduces the 
time required for training. 

Shortening the training period not only decreases the cost of instruc- 
tion, and incidental waste in the form of spoiled material, overhead 
on machines, etc., but serves to increase the stability of the working 
force and the satisfaction derived from work, particularly in the case of 
highly specialized tasks of modern industry. 

The subdivision of work has created a great number of specialized 
tasks in which skill must be quickly acquired if the worker is to meet 
the production standards of the plant. It is possible, as Link^ has 
suggested, that at least one-half, and probably more than half the jobs 
in industry fall within this group. The job of the skilled machinist of 
yesterday has been converted, by a long process of division, into screw- 
machine operation, assembly, drill press operation, reaming, punch press 
operation, polishing, etc. This subdivision applies also to office work 
in which the old-fashioned job of clerk has been split into the posi- 
tions of time clerk, auditing clerk, filing clerk, pay roll clerk, posting 
clerk, computer, ledger clerk, sorting clerk, billing clerk, etc., each 
requiring specialized training. On such jobs, in particular, turnover 
and dissatisfaction are increased by the failure to provide training 
which enables the worker quickly to profit from the higher wages, 
generally on a piece work basis, attainable only when the employee has 
reached a level of effective workmanship. Moreover, on jobs involving 
more complex patterns of motor response and the acquisition of con- 
siderable knowledge, the most favorable conditions of learning must 
be employed to facilitate the integration of well-adjusted' response ® 
characteristic of all forms of skill. 

Misled by the simplicity of the task industry was inclined, in the 
early days of mechanization and specialization, to neglect systematic 


^ H. C. Link, Education and Industry, New York, 1923, p. 126. 

*T. H. Pew, “The Nature of Skill,” J. Natl Inst. Ind. Psych., 4 (1928), pp. 193-202. 
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training as unnecessary in the development of skill. Apprenticeship 
systems were discarded and nothing provided to take their place. Ob- 
servation of other workers and casual instruction by supervisOTs and 
associates were regarded as the sole procedures necessary for learning 
the job. The insistence of Taylor, Gilbreth, and other early exponents 
of scientific management^ upon the importance of instruction and 
their success in using training as an aid in increasing production 
helped to awake a recognition of the value of systematic instruction 
in developing and maintaining an efficient and satisfied working force. 
This has led industry to substitute for the old methods of training, 
in which instruction of the worker was largely left to the caprice of 
the foreman or fellow-worker, systematized training programs de- 
veloped and administered under the direction of training specialists.'* 

Instruction in the industrial plant may be divided into two t5T)es: 
(a) general training, and (b) job training. The first includes instruc- 
tion in plant policies, in academic subjects related to work, courses in 
plant organization and management, Americanization programs, and 
a variety of other courses broadly cultural or developmental in char- 
acter. The purp>ose of job training, with which this chapter is primarily 
concerned, is to promote trade mastery — to teach the worker how to 
do his job. Such training may range from one hour or two of instruc- 
tion on a simple task to three or four years of apprenticeship in a 
highly skilled trade. It may include the very simple movements re- 
quired in the operation of an elevator to the great variety of complex 
co-ordinations and breadth of knowledge combined in pattern making. 

The tendency in recent years has been to centralize training under 
the supervision of the personnel or industrial relations department. In 
so far as actual instruction is concerned it may be given in a “vestibule 
school,” in which the worker is trained apart from the shop or office 
in which work is done on a production basis. The vestibule school has 
been recommended by Link ® and others as particularly suitable for 
training in repetitive operations of both a shop and office character. 
It permits an emphasis upon training rather than upon production.® 
It makes it possible to train workers without interfering with the pro- 
duction of men who have already been trained. It also allows an op- 
portunity for observation of the temperamental and other qualities 
of new workers which affect their adjustment in the plant. In other cases, 
although supervised by a central agency, training is de-centralized, 

® See Chapter II, pages 10-12. 

® J. H. Greene, Organized Training in Business, New York, 1928, pp. 335; N. Peffer, Ed- 
ucational Experiments in Industry, New York, 1932, pp. 206. 

® H. C. Link, Employment Psychology, New York, 1919, pp. 288-289. 

® The ^Vestibule ^ool’* has recently been elaborated in Germany into a “central train- 
ing workshop.” This is a self-contained plant devoted exclusively to training apprentices 
in the metal trades under active working conditions, but free from the disadvantages present 
in a factory employing adult experienced workers. The DINTA system, administered by the 
Deutscher Institut fur techniscne Arbeitsschulung is described in a recent article by J. H. 
Currie, "The DINTA System,” Human Factor, 6 (1932), pp. 122-126. 
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being given in the workroom by instructors who form part of the 
operating department or who are members of the personnel staff. 

The advantages and disadvantages of these two forms of training 
cannot be discussed at length in this volume. However, it is interest- 
ing to note that although the vestibule form of training was most 
favored in the early days of personnel management, particularly during 
the War, there now appears to be a trend in the direction of de- 
centralized training in the shop. In addition, there is an increasing 
tendency to place the administrative responsibility for training into the 
hands of the department in which the employee is working. It is felt 
that training is the direct responsibility of the operating departments, 
to be carried on by the supervisory force or instructors who are mem- 
bers of such departments, appointed by operating executives and di- 
rectly responsible to them for the administration of the training course. 
However, in the development of training programs operating depart- 
ments are aided by specialists attached to the personnel department, 
who aid in the organization of individual training programs and in the 
co-ordination of training throughout the organization and provide staff 
supervision in the systematization of training, its extension, and de- 
velopment.'^ 

PSYCHOLOGICAL METHODS IN TRAINING 

Although the value of training may be recognized and the attempt 
made to organize it, much of its beneficial value may be lost through a 
failure to apply psychological principles of learning in the develop- 
ment of skill through training. This is well illustrated in the methods 
ordinarily employed in training motormen in the electric railway in- 
dustry.® The safety with which a trolley car is operated depends upon 
the integration of habits of response during the training period. The 
purpose of devoting a period of two or three weeks to training the 
motorman is to promote the integrated co-ordination of these re- 
sponses. They must be so firmly established and co-ordinated that 
when the motorman goes out on the road alone, in full charge of a 
street car, he performs them without the intervention of conscious- 
ness, that is, without thinking, “Now I must turn this handle this way, 
and step on the plunger,” etc., when a given situation arises. The 
responses, the habits, must be so well fixed that each stimulus, whether 
it be a child crossing the track, the sound of the conductor’s bell, or 
the sight of an overhead circuit breaker, will bring at once the ap- 
propriate and correct response — the correct series of movements prop- 
erly co-ordinated. 

The usual procedure adopted by many street railway companies in 

' M. S. Viteles, “Training Technical Employees,” Gas-Age Record, 68 (1931), pp. 23S-39. 

*M. S. Viteles, “Application of Psychology in Training Workers,” Lejax, (1923), pp. 
29-36. 
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training motonaen is somewhat as follows; The apprentice spends a 
half day or a day in a schoolroom — ordinarily an old car fitted up for 
t^ purpose. Here he b taught the simple operations of starting and 
stopping a car, ^e meanings of signals, the uses and locations of fuses, 
the use of the fender, and similar details of operation. He is then as- 
signed to a “run” with a motorman chosen by reason of his record for 
the instruction of apprentices. He spends a day with the motorman, 
watching him run the car and running the car himself under the direc- 
tion of the motorman. For a period of ten days to two weeks this pro- 
cedure is continued, the {^prentice being assigned each day to a dif- 
ferent motorman on a different run. The purpose of placing the ap- 
prentice with the different motormen is to give him contact with a 
number of experienced, trusted men, from whose example he may 
profit, and at the same time to enable him to learn something about 
the different routes, the special difficulties of each, etc. 

The effect of assigning the new man to different motormen each day 
in this way is, however, from the point of view of the psychologist, 
most harmful. Experimental studies of learning have shown that when 
opposing associations are alternately practiced, they have an inter- 
ference effect upon each other, particularly during tJie early practice 
period. In other words, the formation of a habit is interfered with 
if other responses, antagonistic to the one being learned, are practiced 
along with it. The formation of a habit may also be interfered with by 
one already established. In the first stages of learning to use the type- 
writer, for example, it is easier for one who has never used a type- 
writer to learn to employ the best methods in typing than one who 
has already practiced on it, using one or two fingers or some similar 
amateur method. 

In the procedure for training motormen described above this law 
of habit interference is overlooked. It was found by the author, who 
learned to run a street car as a preliminary step to the preparation of 
a test for the selection of motormen,® that practically each of the 
motormen under whom he took training had his special “tricks” — 
individual ways of handling the controller and the air-brake handle. 
Instead of receiving from day to day uniform training in a definite 
series of responses involving the same muscular combinations, there 
were variations in the patterns of response employed from day to day. 
For handling the air brake, for example, one motorman recommended 
taking “long bites” of air, another recommended “short bites.” One 
man employed one technique, involving one series of muscular ac- 
tions, for closing the door and starting the car simultaneously; an- 
other had a second method, involving another, almost antagonistic 
series of muscular responses. The total effect was to create interfer- 
ence in habit formation — a condition which retards the development 
of skill, lengthens the training period, and promotes an imcertainty of 

• See C3»pter XIV, pages 291-97. 
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response which continues after the close of the training period, to the 
danger of the public and of the operator. 

There are a number of training methods that can be used in over- 
coming the disturbing element in the training program described 
above, but each of them, in order to bring results, must apply tte 
knowledge of the learning process contributed by the psychologist to 
industry. In the development of all kinds of skill — ^in wrapping 
bundles, in working a punch press, in examining ball bearings — ^the 
training program is of utmost importance in the development of profi- 
ciency — and an important feature of the good training program is a 
consideration of the psychological factors involved in the acquisition 
of skill. 

THE PROGRESS OF LEARNING 

The most important factor in the acquisition of skill is practice or 
repetition of the task. If one has the ability to perform an operation 
its repetition, up to a certain point, makes him more and more skilful.'** 
An important finding of psychological investigations in the laboratory 
and in the industrial plant is that the acquisition of skill follows a 
regular course. If the production or attainment of the individual is 
plotted at various intervals in the learning period there is obtained 
a learning or practice curve with certain characteristic features. The 
character of this curve is illustrated in Figure S4A, showing the im- 
provement in telegraphy over a 32 week period in a classic experiment 
by Bryan and Harter." That the general trend of the curve remains 
constant with various types of activity is illustrated in Figure S4 B, 
showing the improvement of typewriting by the touch method and in 
Figure S4C, a practice curve obtained in mirror drawing. Among the 
characteristic features of the practice curve are; 

(a) Improvement in work with practice, shown by the rise oj the 
curve to the right. 

(b) Variations in rate oj improvement or gain from practice in vari- 

ous parts of the learning period. So for example, in Figure S4A, repre- 
senting the type of curve most frequently found when the effect of 
practice is r^orded, progress is shown to be rapid at the outset and to 
become slower in the latter part of the training period. Such a curve 
is said to exhibit negative acceleration. In contrast, in Figure S4C, im- 
provement is shown to be more rapid at the end of the learning p>eriod 
than at the beginning. / * 

Such variations appear to depend largely on the relation of the 
processes involved in learning to those which have played a part in the 

E. S. Robinson, “Factors Affecting Human Efficiency,’’ Ann. Amer. Acad. Pol. Soc. 

5e»., 110 (1923), p. 101 . . 

** W. L. Bryan and N. Harter, “Studies in the Psychology and Physiology of the Tele- 
graphic Language,’’ Psych. Rev., 4 (1897), pp. 27-SS; 6 (1899), pp. 345-75. 
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acquisition of other skills by the learner.^* According to Freeman,^* 
Pear, and others, if a previously learned movement can applied un- 
changed, progress will probably be rapid at first and slow afterwards 
as the limit of possible improvement, or the physiological limit of 
training is reached. If it is necessary fundamentally to reorganize a 



Figure 54. (Continued) Practice Curves 
C. In Mirror Drawing 
(After Pear) 


movement, learning is likely to be slow at the beginning and to increase 
in the latter part of the practice period before reaching a point at which 
it again slows down. 

(c) Another feature of many practice curves is the appearance of 
plateaus, or flattened sections showing an absence of improvement in 
spite of conttnued practice. 

A study of the literature reveals a difference of opinion among workers 
with respect to the factors accounting for the plateau. So fcrr example, 
Bryan and Harter supported by Swift,^® have favored the viewpoint 

i*T. H. Pear, SkiU in Work and Play, New York, 1924, p. SO. 

”F. N. Freeman, How Children Learn, Boston, 1917. 

»* W. L. Bryan and N. Harter, op. cU., pp. 27-SS; 6 (1899), pp. 34S-7S. 

** E. J. Swift, “Studies in the Psychology and Physiology of Learning," Amer. J. Psych., 
14 (1903), pp. 201-Sl. “The Learning Process,” Psych. Btdl., 4 (1907), pp. 307-10. 
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that the plateau is the result of a play of forces inherent in the learning 
process. In contrast is the theory, originally formulated by Johnson,^* 
that the plateau represents a temporary failure in attention and effort 
on the part of tbe subject. This viewpoint assumes that if the subject 
could be induced to sustain the same effort day by day during the prac- 
tice or learning period there would be no plateaus.” This point of view 
has also been generally supported by Book ” whose examination of 
introspective reports and pulse rates suggested that less effort was ac- 
tually put into work at all stages of practice where little or no improve- 
ment was made. 

The question of whether the plateau is an essential part of learning 
is of extremely practical significance in industrial training. The objec- 
tive of systematic training is to promote the rapid acquisition bf skill 
and final integration of response at the highest possible level. The 
plateau marks a level of arrested progress, affecting adversely the 
general rate of acquisition of skill. Moreover, a platebu appearing 
early in a practice p)eriod may become permanently established in the 
form of a final plateau, representing a stabilization or final integration 
of response at a level of efficiency below the individual’s physiological 
limit of learning and below the production standards of the plant. For 
these reasons, in the organization of industrial training programs, it is 
important to know whether the plateau occurs because of a loss of 
attention or decreased effort; by reason of the unsatisfactory arrange- 
ment of practice; or whether it is an essential feature of learning not 
subject to the influence of such extrinsic factors in training as incen- 
tives, arrangement of co-ordinated movements, etc. 

Recent experimentation has suggested that the situation is complex 
and that a number of factors affect the appearance of the plateau. The 
complexity of the situation has been recognized by earlier exponents of 
the extreme positions. Book, for example,” has found that plateaus 
do occur at critical stages in the learning process, that is, where new 
and increased difficulties are met. Moreover, Bryan and Harter 
mention the fact that in telegraphy operators whose receiving rate has 
been on a level for years frequently increase their rate when forced to 
do so in order to secure and hold a position requiring higher skill. An 
analysis of experiments in this held suggests that whether or not inci- 
dental plateaus appear, and to some extent the level of the final 
plateau depend upon: 

(a) The relative simplicity or complexity of the task, (b) The exer- 

^•W. S. Johnson, “Researches in Practice and Habit.,” Yale Psychol. Studies, 6 (1898), 
pp. 51-103. 

IT Cited from M. D. Smith, “Periods of Arrested Progress in the Acquisition of Skill,” 
Brit. J. Psych., 21 (1930), p. 2. 

W. F. Book, The Psychology of Skill, “Univ. Montana Studies in Psychology,” 1 (1908), 

pp. 211. 

W. F. Book, The Psychology of Skill, New York, 1925, pp. 257. 

*• w. L Bryan and N. Harter, op. dt. 
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cise of effort and attention in practice, determined, in part, by the 
incentive, (c) The number of practice periods. 

The effect of the complexity of the task is indicated, for example, 
in the fact that plateaus appear most frequently in forms of learning 
which require a combination of activities, and in which progress or 
training is marked by the development of such combinations. “If a 
heterogenous task is composed primarily of two levels of complexity, 
one part rather simple to learn while another part is more complex, 
then the simple part may be learned almost to perfection before the 
complex part is begun. Such a heterogenous task will show a plateau. 
The plateau may ^so be found, although less pronounced, when two 
such tasks are started simultaneously.” So, for example, there is no 
evidence of a plateau in sending telegraphic messages (Figure 54A), 
although a very marked levelling off of the practice curve is noticeable 
in the middle portion of the curve for receiving messages. As Pear 
points out,^^^ in sending, the matter to be transmitted exists as a whole 
and has to be broken down into constituent letters by ordinary every- 
day mental processes which are used every time one writes. In receiv- 
ing, on the other hand, it is customary to learn groups of sounds cor- 
responding to each letter which must finally be organized into larger 
wholes for the apprehension of words or phrases. The plateau may 
represent a stage at which such integration is carried through, on a 
level of internal mental organization of a high order. 

From the consideration of such facts “it is possible to assume that 
if habits, of higher order could be formed earlier in the process of 
learning, plateaus might be considerably shortened. If the plateau be 
the consequence of artificially separating, for teaching purposes, habits 
of lower and of higher order, it would be wise to inquire how far such 
separation is necessary.” The possibilities in this direction have been 
indicated by the investigation of typewriting, in which the plateau has 
been eliminated when the pupil learned from the outset words instead 
of isolated letters.®^ Likewise in industrial training, the procedure of 
using highly organized tasks, instead of breaking them into simpler, 
constituent units may facilitate the acquisition of skill through the 
elimination of unnecessary plateaus, and actually raise the level Of 
the final plateau. This aspect of training will be discussed further in 
Chapter XX in considering whole-part methods of learning. 

THE INFLUENCE OF INCENTIVE UPON PRACTICE 

/ 

The results of many investigations show that attention, effort, and 
incentive play a part in promoting or arresting progress during train- 

L. L, Tburstone, “The Learning Function,** /. Gen. Psych., 3 (1930), p. 489. 

« T. H. Pear, Skill in Work and Play, New York, 1924, p. 50. 

« Ibid. 

V/. Barton, “Comprehensive Units in Learning Typewriting,** Psych. Monog^ 35 
(1926), No. 164, pp. 47. 
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ing. The influence of direction of attention is shown in an experiment 
by Trow and Sears in which a subject sorted a pack of 52 cards 
into 4 piles for one hour each night. Practice was maintained for 10 
days; followed by an interval of 24 days with no practice; another in- 
terval of 10 practice days; a second interval of 40 days without prac- 
tice and a final interval of 9 practice periods. In all there were 29 prac- 
tice periods including 174 trials in which 9048 cards were dealt. The 
first 7 practice periods, involving 42 trials, showed marked fluctua- 
tions but no improvement in rate of dealing. An analysis by the subject 
showed fluctuation to be the result of experimentation with methods 
of dealing, characterized by shifts in focusing attention upon one or 
another aspect of the dealing activity. The adoption of a uniform 
method of dealing was immediately followed by a marked improvement 
which was maintained until the 40 day pause in practice. The authors 
point to the implications of this experiment in showing clearly the ad- 
vantages of instruction in directing attention immediately upon the 
best method or methods of work as an aid in cutting down the time re- 
quired for learning. Fruitless trial and error can be avoided in this way 
and repetition limited to the most effective series of co-ordinated move- 
ments. This necessarily involves an analysis of the task for the dis- 
covery of the most effective movements — a feature of training to be 
discussed in Chapter XX. 

The character of laboratory investigations in this field is also illus- 
trated in a recent study by Smith,^® who employed tasks of three types 
to gain further evidence as to the existence and cause of platqaus. The 
first, the Ringball game, consisted essentially of throwing a rubber ball 
into a target on the wall or causing it to bounce into a target on the 
floor. The game was so arranged that fresh elements could be intro- 
duced at various times in order to complicate the task and to study the 
process of co-ordinating new with older elements. The second task, 
known as Guidit, consisted in guiding accurately and quickly as pos- 
sible, a small metal ball up to the top of an inclined plane by means of 
a knitting needle set in a thin wooden handle.-^ On the surface of the 
plane were 21 holes each large enough for the ball to fall through. 
Interspersed among the holes were small wooden barriers to be cir- 
cumvented by the subject. The performance was scored in terms of 
time and of the point reached on the board. The third task, in which 
the subject was required to practice a phonetic system of shorthand, 
involved mental as well as muscular learning. 

Fourteen subjects were employed; 9 on the first task, 2 on the sec- 
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ond and 3 on the third. Long periods of practice were employed on 
each task. For the purpose of this study a plateau or period of arrested 
progress was defined as any period during which the score did not 
improve for 6 or more successive practices. Applying this definition, 
71 periods of arrested progress were found in the record of total scores 
on the 3 tasks. 

An examination of introspective reports and of the objective scores 
leads the investigator to conclude that 43 or approximately 60 per cent 
of the periods of arrested progress were due to incidental objective 
and subjective factors such as emotional strain, failure of incentive, 
weather, noise, light, illness, relearning after a vacational break, and, 
in one case, possibly to the attainment of the physiological limit of 
learning. The remaining 40 per cent of periods of arrested progress or 
plateaus are apparently inherent in the learning process itself. The 
two factors found to be most important in arresting progress in- 
clude: — 

1. Conscious concentration of attention upon a single component of 
a complicated task, which appears to interfere with progress in devel- 
oping skill with the task as a whole. 

2. Involuntary interaction between two or more components of a 
task in which habits were carried over from one to the other. This ap- 
peared particularly in the form of a carry-over of errors of the new 
movement to the old movement and the adaptation in the new move- 
ment of the rhythm and habits of the old movement at a stage when 
these were unsuited to the new movement. 

From this study the author concludes that “in a wide sense all these 
causes of plateaus may be summed up in the phrase ‘difficulties of 
co-ordination’ — a successful co-ordination seeming to involve a certain 
distribution of attention and a certain ratio of skill between the in- 
dividual components. Periods of arrested progress tended to occur when 
the subject regarded the task as made up of separable components, 
but not when the task was regarded ‘as a whole.’ ” These findings 
and conclusions not only show the effect of attention, but reveal again 
the influence of the simplicity or complexity of the task and relations 
between component parts in determining the course of learning. The 
results are also significant in relation to the whole-part problem of 
learning, to be discussed in greater detail in Chapter XX. 

The general effect of motivation upon gain from repetition is illus- 
trated in a somewhat unusual experiment by Knight and Remmers.^* 
The subjects were 10 college freshmen who had been subj,ected to a 
strenuous regime of humiliation and fatigue duties in the course of 
their probationary period as pledges of a fraternity. The administra- 
tion of a strong dose of physic, a fake branding, withdrawal of per- 



404 


INDUSTRIAL PSYCHOLOGY 


mission to shave or bathe, the carriage of bulky articles, liberal 
sprinkling of asafoetida, interference widi sleep, long hikes, were in- 
cluded on the schedule of a probationary period which lasted from 
Monday to Friday inclusive. The experiment was carried out late 
Friday night. Tlhe group was given the Thorndike addition test, con- 
sisting of 48 cdumns of 10 addends with I’s and O’s omitted. The 
members of the experimental group were told by a fraternity officer 
that they were to assist in a scientific experiment and that they were 
to push themselves to the limit as the scores were involved in election 
to the fraternity. The subjects worked for a period of 2 hours with a 
10 minute rest period and light refreshments at the end of the first 
hour. At the end of each 5 minutes a signal was given and the subject 
marked the point reached on the test. At this time the subject indi- 
cated by a letter rating of from A to F his feeling-tone, A indicating 
a feeling of general well-being, C a neutral attitude, F an extreme feel- 
ing of discomfort. During the last five minutes of work an attempt was 
made to obtain an end spurt by urging the men to further efiort. The 
same procedure was followed a few days later with a group of 54 col- 
lege juniors constituting a control group. An average of 2 1 columns per 
5-minute period for the freshmen as against an average of 11 for the 
juniors can apparently be explained only on the basis of a more defi- 
nite motivation of the first group, inasmuch as there is no reason for 
suspecting that the freshman group was inherently better in the trait 
measured than the larger junior group. The amount of differeiice is 
particularly significant in view of the “fatigue” condition of the fresh- 
man group. The percentage of correct answers is approximately the 
same for the two groups. Adequate motivation is shown to constitute 
an important force in learning. 

Supplying information on the progress of improvement with prac- 
tice appears often to be a satisfactory technique for motivating train- 
ing and thereby eliminating incidental plateaus. The value of supply- 
ing information to workers as an incentive to increased production 
with practice is shown in a training program for Hollerith machine 
operators developed by Bolt in which production was more than 
doubled, partly through the use of this motivating device.*® Its effect 
is shown more specifically in an investigation by Ross ** who divided 
a group of 59 college students of psychology into 3 groups and re- 
quired each to write groups of 4 vertical lines crossed with a fifth, as 
quickly as possible. Each group was given a preliminary practice period 
of one minute and an additional practice period of the same length for 
each of 12 days. The preliminary practice period was used to establish 
3 groups equal in ability. One group was then given full knowledge of 
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its process from day to day. The second group was given partial in- 
formation of progress, the third was given no information concerning 
progress. Each group was urged to maximum performance on the test. 
At the end of the tenth practice period the group with full information 
had an average corrected score of 57.4; that with partial information 
an average corrected score of 54.3 ; and that with none an average cor- 
rected score of 53.2. From the first practice period to the tenth inclu- 
sive, the section with full information gained from 2.2 per cent to 8.5 
per cent more than the section with only partial information, the aver- 
age advantage being 6.2 per cent. The section with full information 
gained from 4.5 per cent to 12.6 per cent more than the section with 
no information, ^e average advantage being 8 per cent. In addition, 
in this experiment the effect of having received the information con- 
tinued for 2 additional practice periods when information about 
progress was withheld from the group which had received it. 

The effect of financial incentives in promoting steady improvement 
with practice is revealed in an inv^tigation by Fliigel in which 46 
school children worked on Kraepelin’s adding sheets for 20 minutes on 
each of 46 successive week days. The subjects showed steady improve- 
ment even toward the end of the experiment and the practice for the 
group showed no evidence of a plateau. The chief reason for this ap- 
peared to be the monetary reward given each subject every time he 
broke his own record — an incentive more than sufficient to counteract 
the effect of influences responsible for arrested progress in practice. 

An interesting sidelight on the influence of incentives upon learning 
appears in an experiment designed to test the relative value of punish-« 
ment and reward upon learning, conducted under the direction of 
Thorndike at the Institute of Educational Research. In one phase 
of this study, a subject who knew no Spanish was shown a Spanish 
word followed by 5 English words, one of which was the correct 
translation, and was instructed to choose one of the 5. He was pun- 
ished either by an electric shock or in some other way if the response 
was wrong, and rewarded by a simple announcement or by a payment 
of money when the correct response was chosen. The same procedure 
was followed in the case of 200 words, which were repeated until a 
criterion of learning was met. Under these conditions it was found that 
a right response that is rewarded on the first trial causes an increase 
in from 1 chance in 5 to about 2 chances in 5 for correct repetition. A 
punished wrong response in Trial 1 produces no change in the chances 
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for a correct repetition for the response. In other words, punishment 
does not ordinarily decrease the likelihood of a repetition of a mistake 
in learning. Reward, on the other hand, strengthens the tendency 
toward the correct response. 

The findings suggest that, in training workers, better results can be 
obtained by offering a suitable incentive for accurate performance 
than by enforcing penalties for mistakes. The results are also of sig- 
nificance from the viewpoint of developing proper attitudes in work- 
ers.** Punishment may not only be void of positive value, but may have 
the negative effect of inducing the worker to conceal his mistake and 
to adopt an unfavorable attitude toward the foreman and toward the 
plsmt. Rewards, on the other hand, not only strengthen the tendency 
toward correct performance but tend to build up favorable feelings. 

The direct influence of incentive upon arrested progress in the in- 
dustrial situation is shown in a report by Kitson who examined the 
production records of 40 hand compositors with experience ranging 
from 1 to 27 years (8 years average) in a printing establishment. 
Average output at the end of 1 week was 55 units on a scale of effi- 
ciency established by preliminary time studies. An incentive system 
of payment was instituted, permitting workers to earn a bonus of two- 
thirds of one per cent on the flat rate for every unit of production 
above scale unit 75. Within 5 months these experienced workers 
reached the 97-unit point on the scale. At the end of one year and a 
half average output had reached 103 points, a level at which produc- 
tion had been stabilized during the last 9 months of the period of in- 
vestigation. Production on the part of the experienced workers in- 
creased, according to Kitson, because the financial incentive led them 
to improve their work and to learn new methods of doing it. In the 
case of this group the elimination of wasteful and time- and effort- 
consuming movements proceeded spontaneously, without the aid of in- 
struction in choice of methods which might have served to increase 
production earlier and to promote a higher ultimate limit. The fact that 
younger men with less experience actually achieved a higher average 
production as compared with older, more experienced workers is as- 
scribed to the greater capacity or willingness of the former to adopt im- 
proved methods when urged on by an adequate incentive.*® 

In the absence of adequate motivation for continued improvement 
these workers had settled down to* a relatively constant production 
rate at a level below their physiological limit of improvement. In the 
presence of a suitable incentive additional spurts in learning led to 
settling at a higher plateau level the height of which, it is conceivable, 
might be raised still further by other changes in conditions of work. 
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OTHES FACTORS IN ARRESTING PROGRESS WITH PRACTICE 

In addition to the factors already discussed, the number of practice 
periods affects the ap^^arance of the plateau. The absence of a plateau 
may mean that practice has not been carried to the limit of the in- 
dividual’s capacity to improve. The failure to do so in the industrial 
situation entails a waste of individual productive capacity and consti- 
tutes a source of dissatisfaction on the part of workers deprived of 
the opportunity of increasing earnings through increased production. 
This problem will be taken up again in the section dealing with length 
of the training period. 

Among other factors which may account for arrested progress is the 
failure to apply analysis in promoting the integrations necessary for 
the further development of skill.®’^ This appears, for example, in the 
work of accountants who bad attained a high rate of speed in adding, 
but who succeeded in increasing enormously the speed of their work 
by a thoughtful analysis and practice leading to the simultaneous ad- 
dition of Aree parallel columns. Lack of confidence, undue haste, are 
other items to be considered in the study of training techniques de- 
signed to eliminate incidental plateaus not essential in learning and 
final settlement at the highest possible level. 


T. H. Pear, op. of., pp. S4-SS. 
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WHOLE- VERSUS PART-METHOD IN THE ACQUISITION OP SKILL 

A major problem in the acquisition of skill in industry is whether to 
train a worker in the entire process at one time or to confine training 
to one element of the operation until this is learned, proceeding then 
to others until the complete process is learned.^ The continuous repe- 
tition of an entire operation until the desired stage of mastery or level 
of skill is attained is known as the whole-method of learning.^ The suc- 
cessive mastery of sections of material or smaller units of a task is 
designated as the part-method of learning. 

An example of the latter method is found in procedures employed by 
Berling ‘ in training apprentices in the metal industry. The procedure 
in this training program is to isolate the various operations required in 
this trade and to give practice separately on each through the use of 
specially constructed apparatus. So, for example, the apprentice is in- 
structed in the use of the file by practicing filing on a special device 
that provides a graphic record of Ae direction of tnovement, the pres- 
sure exerted and the “levelness” obtained. The character of the device 
used for this purpose is shown on Figure SS. Levelness is recorded by 
the stylus marked “a”; pressure by “b”; and movement in filing by 
stylus “c.” By comparing the record obtained in the course of each 
practice period with curves showing the required standards of pro- 
ficiency, the apprentice is able to determine the factor to be stressed 
in further practice and is motivated to improved performance. The 
improvement obtained in this way is indicated in Figure 55 showing 
the curves for pressure and leveiness at the beginning of practice and 
at the end of 32 hours of practice with the filing apparatus. 

Similar procedures and specially constructed apparatus are used in 
teaching the apprentice to use micrometers, calipers, and other measur- 
ing tools; in teaching him to use the hammer and other tools correctly; 
etc. Accuracy in hammering, for example, is developed by supplying 
the apprentice with a lead block and a pointed hammer.^ The appren- 
tice first practices by denting the surface of the block with his ham- 


^ H. C. Link, Education and Industry, New York, 1923, p. 134. 

®L. A. Pechstein, “Whole versus Part Methods of Learning, Psych. Mon. No. 99, 


(1917), pp. 80. 

* G. Berling, “Planmassiges Einfuhrung des Mcnchen in den Industriellen Arbeitsabslauf,” 
Ind. Psychol., 3 (1926), pp. 79-86. 

* R. Bolt, “Anlemverfahren fiir das Arbeiten mit kleinen Hammem,” Ind. Psychol., 3 


<1926), pp. 193-211. 
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mer. He then attempts to strike the same hole twice. At a later stage 
of training he is placed before a block covered widi a sheet of paper 
containing 15 small squares, with a dot in the center of each square. 
The apprentice is instructed to strike each dot twice with the point of 



START AFTER 

OF 32 HOURS 

TRA/MH6 OF PRACTJCE 


Figure SS. Apparatus for Practice in Use of File 
and 

Record of Improvement with Practice 
{After Berling) 

the hammer. The distances of the points struck from the qentral dot 
are measured and curves constructed showing the average of these 
distances. In this case again the apprentice is informed of his daily 
progress as a means of helping him to correct errors and motivating 
him to improved performance. Only after the required level of effi- 
ciency has been attained on each operation is the apprentice given an 
opportunity to employ and co-ordinate these skills by work on the kind 
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of material ordinarily used by the machinist and on the whole task of 
transforming this material into a useful object or tool. 

Instruction crane operation furnishes another illustration of the 
application of the part-method in industrial training. Apprentices for 
this occupation are trained by Berling ® on a practice crane. They start 
by practicing, without electric current, the operation of the controller. 
This is followed by practice with the various levers employed in lifting. 
The apprentice is then given practice in actually moving the crane. 
Practice is also given on such individual items of operation as gauging 
the distance of the object to be lifted, controlling the rate of movement 
of the crane, determining braking distances, and in other simple units 
of the job. Only after a high level of efficiency is achieved in each of 
these simpler operations is the operator given practice in the whole 
task, involving an integration of lifting, conveying, and placing in an- 
other spot material of the type that is ordinarily handled by the crane 
operator. 

The exponents of this part-method of industrial training contend 
that it serves to reduce the training time; decreases the amount of 
spoiled work; raises the level of productive efficiency and in other ways 
furthers the interests of sound training. In general, the procedure in 
such training is to start with the simpler and to proceed to the more 
complex operations of the task. 

An example of the unmodified whole-method of training is to be 
found in the procedure usually adopted in training motormeri, de- 
scribed in Chapter XIX. In this case, on the very first day of training, 
or at the latest on the second day, the apprentice is actually placed 
on a moving car and required to control its movement, to open and 
close doors and to co-ordinate these responses with the observation of 
the street under the very conditions which will apply after he has com- 
pleted his training course. The theory underlying this program is that 
the best results in training can be achieved if the entire operation is 
repeated again and again until the necessary level of proficiency in 
carrying through the co-ordinated task is attained. The whole-method 
is also exemplified in that system of apprentice machinist training 
which requires the apprentice to work on the entire process of ma- 
chining, boring, hammering, filing, and measuring a simple tool or ob- 
ject. In this training system the complexity of the task is increased 
with the years of apprenticeship, but each task at each level is per- 
formed in its entirety and may involve all of the constituent skills. 

Sometimes a compromise between the whole and part-method of 
training is employed. In training motormen Tramm ® has followed the 
procedure of setting up a bank of controllers and associated apparatus 
involved in street car operation and has required apprentices to prac- 
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tice the co-ordinated movements as a preliminary to operating under 
street conditions. Only after the fundamental responses are well hxed, 
under the observation of a competent instructor, is the apprentice per- 
mitted to operate under street conditions, combining at that time the 
habits of response established in the laboratory with the conditions 
of attention and perception occurring in the course of actual operation. 
Similar procedures have been employed by Schwarze in training rail- 
road employees. The author has also employed a modified whole-part 
method in an apprentice machinist training program, the chief feature 
of which is progress from work on simple projects, requiring only cut- 
ting and filing to more and more complex projects in connection with 
which additional operations, such as planing, milling, screw cutting, are 
successively introduced as an aid in development of necessary skills in 
this type of work. 

The relative values of the part and whole-method of training have 
been studied in laboratory investigations which have furnished results of 
significance in gauging the effectiveness of each method in training in- 
dustrial workers. In so far as verbal learning is concerned, the whole- 
method is generally found to be most advantageous.® The disadvan- 
tages of the part method increase with increased sub-division of the 
material. These conclusions follow from many studies, dating back to 
the very early investigation in this field by Steffens,’® and including 
classic investigations by Kuhlmann,^^ Meumann,’^ Pyle,^® and others. 
The superiority of the whole over the part-method in verbal learning 
is manifested by fewer repetitions required for learning, more correct 
formulation of associations, and more accurate attention over a longer 
period. 

The question of the whole versus the part-method in motor learning 
was entirely disregarded by psychologists until the middle of the sec- 
ond decade of the present century.’^ This problem was first investi- 
gated by Pechstein,’® who undertook to determine whether the 
“whole’’ or “part” findings in rote and logical verbal learning hold for 
sensory-motor, adaptive problems both in the case of animus and in 
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humans, in order to evaluate the factors responsible for economy or 
waste in these methods of learning. 

As apparatus for the experiment Pechstein employed a mase of 
special design. Similar mazes were used for white rats and for humans. 
The human subjects included 53 men and 59 women students in a dass 
of introductory psychology. For both the animal and human subjects 
constant condhions of lighting, furniture arrangement, quietness, and 
the hour at which the maze was run were maintained. Experimental 
procedure was similar for human subjects and rats, each having 1 run 
per day in the maze for 4 days, followed by 2 runs in succession per 
day until 4 out of 5 successive runs were without errors. The rat was 
required to run the maze, whereas the human subject traced the maze 
with a stylus, the hand and maze being concealed from sight by a black 
hood. 

A careful analysis of findings led Pechstein to conclude that modi- 
fied part-methods are superior to the whole-method in maze learning, 
but that the purely part-method remains inferior in the case of humans 
regardless of the measuring criteria. This results from the fact that 
modified part learning utilizes the inherent advantages of part learn- 
ing in the form of transfer of factors and avoids diminishing returns 
due to the excessive length of the motor problem.^^ 

In addition to examining the influence of the whole and part-method 
of learning Pechstein also investigated the advantages of concentrated 
or massed as against distributed learning. In this he followed the lead 
of earlier experiments by Browning, Brown, and Washburn ** and by 
Murphy,^** who foimd distributed learning to be of advantage in a 
series of motor acts. Thirty-six human subjects were employed in each 
part of the experiment, each group being taught maze A by one of the 
methods of the whole, modified part, and purely part training used in 
the original experiments. The results showed ^e concentration of 
learning to be highly unfavorable when the whole-method of learning is 
used. In contrast the part-method of learning becomes among the best 
of all available methods of learning when learning is concentrated. 
This is also true to a smaller extent of the modified part-methods. 

Illustrative of more recent laboratory investigations of this problem, 
having a more direct bearing on industrial training, is a study by 
Beeby,^" who employed as apparatus a flat wooden base 55 x 27 cms. 
on which are pivoted in a horizontal position two wooden discs so at- 
tached that they can be revolved about their centers and locked in 
any position. Geometric figures of differing shapes and sizes, cut in 

" Ibid., p. 58. 

M. Browning, D. E. Brown, and M. F. Washburn, “The Effect of the Interval Between 
Repetitions on the Speed of Learning a Series of Movements,” Amer. J. Psych,, 24 (1913), 
pp. 580-583. 

H. H. Murphy, “Distribution of Practice Periods in Learning,” /. Ed. Psych., 1 (1916), 
pp. ISO-162. 

C. E. Beeby, op. cit. 
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outline from inch brass, can be attached to this base. In this ex- 
periment square plates were attached to the base, and the subject 
required to follow around the brass squares with metal styluses in 
such a way as to avoid breaking the contact between the styluses and 
the figure. Breaks, automatically recorded, constituted errors. In follow- 
ing around the squares the hands were moved in counter-clockwise 
direction. 

The investigator undertook to measure the effectiveness of training 
by wholes and parts by the method of simultaneous combination, where 
the right hand and left hand, having been separately trained in tracing 
squares on the right and left sides of the apparatus respectively, were 
forced to perform these movements together, and by simultaneous di- 
vision in which the hands, having been trained to perform the move- 
ments together, were required to perform these movements separately. 

The subjects were advanced students of psychology, divided into 
2 main groups. Group A started with a single hand process (simultaneous 
combination') and returned to the single handed tracing after under 
going double handed practice. Group B started with the double hand 
practice (simultaneous division) and returned to the double handed 
tracing after an intervening period of practice with each of the single 
hands. Subjects were blindfolded during the course of the experiments 
which were supplemented by a control experiment with vision. 

Each of the main groups was sub-divided into smaller groups; first 
in order to determine the extent of transfer of skill from practiced 
right hand to un-practiced left hand and vice versa. In addition, the 
facts that each subject’s performance required 2 sittings, each lasting 
from 2 to 3 hours, and that the 2 sittings were given with a lapse of 
7 days made it necessary to set up a control group where the lapse of 
time was the only factor intervening between the first and third parts. 

The results show that a combination of relatively simple movements 
into a movement-whole results in a loss of efficiency. Likewise the 
division of a movement-whole into its simultaneous constituents results 
in a loss of efficiency. An additional loss of efficiency marks the return 
to the original performance after either division or combination. From 
these findings the author concludes that movements are essentially 
different according as they are performed in combination or in isola- 
tion. An initial positive transfer occurs between the single and double 
operations and between right and left hand action which, with further 
practice, is converted into a negative transfer or interference®^ that 
actually constitutes a disadvantage for those who come to it again after 
a previous practice period on the other. Transfer is general rather than 
specific in character. 

An analysis of his findings leads Beeby to conclude that the “whole” 
method of learning a muscular habit is preferable to the “part” method. 
The author points to the need of further research in order to de- 

” See pages 423-28. 
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termine the d^ee of complexity of movement at which the disad- 
vantages of the “whole” method outweight its advantages. Of interest 
in Beeby’s findings is an incidental observation, by the method of in- 
trospection, which indicates that, in so far as consciousness is con- 
cerned, there are two main stages in the progress of acquiring skill; 
(a) the learning stage, in which the concentration of attention on the 
task helps to crystallize the activity, and (b) the expert stage, in which 
consciousness is withdrawn from the task, becomes non-focalized and 
has no further influence on the efficiency of learning. 

The final test of the relative effectiveness of the whole and part- 
methods in training workers must be made in the industrial situation. 
Laboratory studies can contribute much, particularly in the way of an 
analysis of underlying factors, but the difference in conditions in the 
plant, as compared with the laboratory, make necessary an evaluation 
of the methods under plant conditions. Such an evaluation has been at- 
tempted by Finck.®® The subjects of this investigation were 36 ap- 
prentices, approximately 15 years of age, employed by the General 
Electric Company of Germany, half of whom had been employed for a 
period of one month, and the other half for a period of 7 months. The 
36 apprentices were divided into two groups, equal from point of view 
of length of service. Each group was given the same preliminary in- 
struction in the performance of 3 simple tasks, the first involving visual 
estimation of distance between 2 points; the second involving motor co- 
ordination in bolting spheres to a metal plate; \hedhird, requiring the 
subject to attach iron bars by means of 2 bolts to a metal plate. The 
apprentices in the first group were required to repeat each of the three 
tasks, in order, 8 times — following in each repetition the sequence of 
operations necessary to complete the task before going on to the next. 
In the case of the second group each of the 3 tasks were split into its 
constituent operations and the apprentice repeated each operation 8 
times, but was not required to complete any task as a whole. At the 
end of the experiment each group had practiced each operation 8 
times. The magnitude of the error represented the criterion of per- 
formance on the first task. The time taken to place and remove each 
sphere served as a measure of efficiency on the second task. The num- 
ber of spheres dropped was also considered. The time required to attach 
the iron bar was used as the measure of progress in the third task. 

In the case of the task involving visual estimation, the performance 
of the group employing the part-method in practice was found to be 
superior to that employing the whole-method. Superiority is shown in 
the lower average time required to complete the operation and in the 
fact that the practice curve reaches a plateau on the sixth trial, while 
average performance time is higher and there are no signs of a plateau 
by the end of the eighth trial in the case of practice by the whole- 
E. Finck, “Anlernung im Gamverfahren und im Teilverfahren, Ind. Psychot., 3 (1926), 

pp. 212-16. 
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method. Employing similar criteria the whole-method is found to be 
slightly superior in the second task. In the third task the difference 
again favors the part-method. In no case is the actual difference in time 
great. No certain difference in quality of work is found between the two 
groups. However, the investigator concludes that the part-method, in 
whi<± the individual operations of a whole task are repeated separately 
in learning the task, is superior to the form of training in which the 
apprentice performs the whole task and repeats it again and again 
until the desired level of efficiency is attained. 

In considering these findings and conclusions it must be recognized, 
as the investigator himself states, that the three whole tasks employed 
in this investigation are not bound up with each other in a natural 
sequence as the larger elements of a job in the industrial situation. 
Moreover, findings are far from unequivocal, and can perhaps more 
fairly be interpreted as showing no significant difference between the 
whole and part-methods (under the conditions of the experiments) than 
as favoring the whole-method. 

An investigation by Krueger represents another approach in the 
investigation of the whole-part problem in industrial training. Twenty- 
three apprentice machinists were divided into 3 groups on the basis of 
a selection examination; the best being placed in Group I and the 
worst in Group III. All 3 groups followed a systematic course pf train- 
ing. Group II was, in addition, given sp>ecial practice on the use of the 
file in the course of work in the plant. Group III was given an op- 
portunity to practice the use of the file on a special device of the type 
described above. Each group was then assigned a test problem in filing. 
An examination of the products showed the second and third groups to 
be practically identical. From this the author concludes that the two 
methods of instruction are essentially of equal value. 

In contrast to conclusions from the studies by Finck** and by 
Krueger*® is the evidence on the superiority of the whole-method 
presented by Dilger *® who also compared two methods of instruction 
in the use of the file. The subjects of the experiment included 2 groups 
of workers, numbering IS and 14 respectively, alike from the view- 
point of ability as measured on selection tests. Each group was given 
preliminary instruction on how to hold the file, on body and arm posi- 
tion in filing, etc. The first group then practiced filing for ^ hour a day, 
2 times a day for a period of 16 days, in producing even flat surfaces on 
metal, the accuracy of the work being checked frequently, by the 
worker, with suitable measuring devices. Practice under th^se condi- 
tions, on a vise, resembles work done under the ordinary conditions of 

** G. Krueger, “Versuche mit verschiedcnen Ausbildungsverfahren bei Maschincnschlosscr- 
lehrlingen,” Psychot, Z., 4 (1Q29), pp, 144-S8. 

** E. Finck, op. cit. 

2® G. Krueger, op. cit. 

*« J. Dilger, ‘Teiliibungen am Schraubstock und am Anlergerat,” Ind. Psychol., S (1929), 
Dp. 369-74. 
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the plant, filing being alternated with measuring in the “whole” task 
of preparing metal pieces of suitable thickness with fiat surfaces free 
from irregularities. The second group practiced filing on a special 
apparatus, checking performance by observation of graphic records 
and emplmizii^, in each practice period pressure, movement or level- 
ness, upon the basis of these observations. Both groups spent the re- 
mainder of each practice day on light physical work in the plant. 

At the end of 16 days each worker was given 2 work problems. On 
the first, a preliminary test of quantity-pr^uction, he was instructed 
to file away from the side of a cube as much material as possible in a 2 
hour p>eriod. In the main problem a dent was made on each of 5 sides of a 
cube and the worker required to file off the surface until the mark could 
no longer be seen. From 3 to 8 hours were required for this work. 
The finished cubes were divided into 5 groups by 2 judges, partly on the 
basis of measurement. Whereas the work of 10 of the 14 workers who 
had practiced on the vise were rated in the highest 3 groups, only 7 of 
the 15 workers who had used the special practice device obtained these 
ratings. A control experiment, involving supplementary practice, shows 
that the difference between the two groups was produced by the superior- 
ity of the traditional method of training involving practice on the whole 
task under plant conditions. On the basis of these findings Dilger 
questions the desirability of using devices providing opportunity for 
practice on elements of the task under artificial conditions. The best 
training program, according to this investigator, is that which shortly 
after enrollment gives the worker practical tasks of progressive diffi- 
culty to be done under direct supervision, supplemented from time to 
time by test problems. 

When the findings of laboratory and plant studies are combined, 
there appears sufficient reason for questioning the usefulness of the 
part-method in industry. In the artificial isolation of the elements of 
a task, the pattern or integration of responses is distorted,^^ and the 
objective of more rapidly stabilizing this pattern at a high performance 
level cannot be achieved. “To teach a knowledge of the parts first, by 
fixing consciousness separately and rigidly upon them, and to hope that 
the whole may eventually be built up out of the parts, is to confess 
complete disbelief in natural methods of learning.” A modified whole- 
method may be preferable to the whole-method where the task is very 
complex but even in such instances, as Link has pointed out, “it 
is best to give an individual an idea of the process as a whole, even if 
it is only a superficial idea.” After this, if necessary, the task can be 
split into “natural subdivision” each subdivision being kept, however, 

J. Dilger, op. cit., p. 374. 

** H. Rupp, “Psychologiscfae Gnindlagen der Anlemung,” Psychol., Z, 2 (1927), pp. 42-61. 

*» F. Watts, An Introduction to the Psychological Problems of Industry, Loudon, 1921, 
p. 64. . 

** H. C. Unk. op. eit., pp. 134-35. 
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as large as possible in order to take advantage of the associations be- 
tween movements inherent in the task as a whole. The exact nature 
of the subdivision will depend upon the process involved, each requir- 
ing careful analysis in order to m^e most effective use of the whole or 
modified whole-method in training workers. 


THE ANALYSIS OF FBACTICE CintVES 

(a) The Length of the Training Period 

The length of the training period will naturally differ with different 
kinds of work depending upon the length of the task and the com- 
plexity of the operations involved. The length of the optimal training 
period is determined by that point beyond which further training will 
produce no significant increase in rate of work or further improvement 
in quality of work. Additional practice may result in additional skill 
but this skill will not be acquired at a rate sufficient to justify further 
training.®* Ordinarily, for example, the greater part of the skill of a 
typist is acquired in the course of several months of training. The 
typist might increase her skill for a period of several years, but ^e cost 
of developing this increased skill would be entirely out of proportion 
to the amount of increased skill that could be developed by continued 
practice. Formal training in this skill should only be continued during 
that period necessary to meet the ordinary standards of production. 
The same principle applies to training in industrial work. 

The length of the training period will depend, in part, upon the in- 
dividual and, in part, upon the act of skill under consideration. For 
the individual the length of this training period will naturally be de- 
termined by the physiological limits of his “trainability” or, in other 
words, the limits of his capacity to improve the co-ordinations required 
for the work. For a group of workers that has been carefully chosen, 
which is relatively homogeneous from the viewpoint of aptitude for the 
work, working under similar conditions, the length of the training period 
can be expected to be approximately the same. The use of practice 
curves in recording the progress of training makes it possible to de- 
termine the optimal length of the training period both for the task and 
for the individual. Assuming that incentives and other conditions of 
work remain constant, and that the most suitable training methods have 
been employed, it is uneconomical to continue training beyond the 
point at which the learning curve flattens out into a plateau. /By employ- 
ing this criterion, it is possible to judge when, for all practical purposes, 
further formal practice may be dispensed with. 

The dependence of the length of the optimal training period on fac- 


E. S. RoUnson, “Factors Affecting Human Efficiency, " Ann. Amer. Acad. Pti, Soc. 
Sd., 110 (1923), pp. 101-102. 
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tory jobs upon tiie character of the work appears in a study by Meyer, 
who examined the practice curves of 3 workers on 3 machine opera- 
tions. In the case of operation No. 3, the curves show that at the end 
of 30 days production time per unit is decreased to approximately 65 
per cent of the time taken when work was first started and that Aere 
is no further decrease in unit production time after this period of work. 
In the case of operation No. 2, the curve shows no definite signs of ap- 
proaching a plateau until after approximately 40 days of work and 
does not reach a consistent level until approximately after SO days 
of work, when production time is decreased to approximately 60 per 
cent of that required at the beginning of the work period. Operation 
No. 1, involving more complex machine work, shows rapid decrease in 
unit production time. At the end of approximately 45 days, when obser- 
vations on this work were discontinued, there is no sign that the plateau 
has been reached in spite of the fact that the time required for produc- 
tion per unit has been decreased to approximately 38 per cent of that 
taken when practice was started. 

Meyer’s observations lead him to conclude that the gain in time 
through practice bears a direct relation to the initial time required for 
unit production and to the extent of participation of the worker, in 
contrast to the machine, in turning out the work. This conclusion is 
supported by Engel,*® who examined the relationship between amount 
of gain from practice and the length of the training period in relation 
to production time per unit during the first day of work on a variety 
of factory jobs. The production time per unit during the first day of 
work is identified by Engel as base unit production time. An analysis 
of findings revealed a relationship between this time and the length of 
the training period which are expressed in the following principles: 

1. The relative gain from practice bears a direct relationship to the 
value of the base unit production time. In other words, larger base 
unit production times are associated with relatively greater gain from 
practice. 

2. The relative amount of gain decreases with increasing practice. 

3. The base unit production time depends upon the complexity of the 
task and upon the relative participation of the machine and of the 
human element in limiting the rate of production. 

The results suggest the possibility of empirically establishing the 
optimal length of Ae training period for each task by an experimental 
analysis of production during the early period of training and by an 
examination of gain from practice as shown on suitably plotted prac- 
tice curves. 

Since gain from continued practice is not constant for all opera- 
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tions, and at all stages of practice, it is evident that the training period 
may not only be too short, but may actually be made too long to pro- 
vide the maximum benefits from training. Associated with possible loss 
from over-training is the question of the length of each training period, 
or the distribution of the total amount of time to be spent in training. 
The practical implications of the problem are shown in an experiment 
by Henshaw and Holman.** Three groups of 30 subjects were em- 
ployed on chain assembling for a period of 80 minutes each morning. 
During the afternoon Group I spent an additional 80 minutes in as- 
sembling chains; Group II spent the time in cartridge filling and Group 
III remained unemployed. After a fortnight of work the performance 
of the three groups on chain assembling was found to be practically 
identical in spite of the fact that Group I had actually twice as much 
practice as Groups II and III. After a lapse of a few months 5 sub- 
jects from Groups II and III were again employed at chain assembling 
for 80 minutes each morning for a fortnight. After an initial drop, due 
to the interruption of practice, this group continued to improve at the 
same rate as during the earlier experiment, indicating that maximum 
improvement had not been reached in the first fortnight, and that the 
failure of the doubling of the practice in the case of Group I to effect 
additional improvement was not due to the flattening of the practice 
curves. The rate of output of the second group of S subjects was shown 
to be considerably above that of Group I after they had had the same 
amount of training. 

The results show that the increase of the daily training period be- 
yond a certain length, in the case of this task, had no beneficial effect 
on learning, inasmuch as the extra 80 minutes of training in the after- 
noon resulted in no additional improvement. Such results, as well as 
those obtained by Pechstein *® and others on the effects of distributed 
and concentrated learning, suggest the importance of determining the 
optimal arrangement, as well as the optimal length of training, for every 
industrial operation. 

(ft) The Control of Individual Progress in Training 

Practice curves can be used not only to determine the optimal length 
of the training period for each task, but in promoting the effective- 
ness of individual instruction. Such curves constitute exact records of 
individual progress. Guidance at plateau levels may do much to promote 
further gain from practice and to prevent stabilization of production at 
a low level of efficiency. The effect upon the individual of^ changes in 
methods of work, of shifts of attention, of fluctuations in intrinsic or 
extrinsic motivation can be readily observed and steps taken to over- 
come these disturbing conditions. In addition, there is evidence which 

E. M. Henshaw and P. G. Holman, “A Note on Over-Training,” Brit, J, Psych,, 20 
(1930), pp. 333-33S. 

L. A. Pechstein, op, cit. 
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suggests that the progress of a worker at an advanced period of train- 
ing can be predicted from a study of the practice curve obtained during 
the early part ol the training period.*® “If a subject’s learning constant 
is known for a given type of learning material, and if the complexity of 
a certain task has been determined in other experiments, the subject’s 
learning curve on this task can be predicted for constant conditions of 
motivation.” 

Unfortunately, conditions of motivation often fail to remain con- 
stant and other conditions occur which tend to interfere with the smooth 
progress of learning and make ineffective, in individual cases, the gen- 
eral equations which have been formulated for making such predic- 
tions. These factors, and the benefits to be derived from more detailed 
study of gain with practice, make it necessary to resort to a detailed 
qualitative analysis of records of progress as a means of determining 
the effect of training and of promoting individual efficiency and ad- 
justment during the training period.** The importance of such an 
analysis is apparent when consideration is given to the complex char- 
acter of trainability; to the enormous number of factors influencing 


D. H. Kowarski, L. Kowarski and M. Francois, Contributions a T^tude de I’appren- 
tissage,” VAnnet Psych., 31 (1930), pp. 192-216. H. Heinis, “La Loi de L’£ducabilit6,” 
Comptes-Rendus, Vme Conference Internationale de Psychotechnique, Utrecht, (1928), pp 
207-211. 

Thurstone presents an equation useful for this purpose in rote learning. The procedure 
is suggestive with respect to other types of learning. A learning test that is homogeneous 
(elements of equal complexity) gives a symmetrical S-shaped learning curve which satisfies 
the rational equation. 

2p-l „ kt 
V p — p2 V m ** 

in which p = proportion of successful acts in unit time 
t practice time 

k learning constant of the subject. It is the average number of errors eliminated in each 
exposure. 

m complexity of the task 

Zo value of z when p = po. It may be regarded as a constant, 
po value of p when t = o. 

Furthermore the relation between length of a homogeneous task and learning time re- 
quired by the individual is described approximately by the rational equation 


T total learning time measured to any arbitrarily stipulated degree of perfection 
n length of the task 

k subject’s learning constant 

c a constant depending on the complexity of the task and the degree of perfection required 
a adaptation constant of the subject. 

The relation between length of a homogeneous task and the number of repetitions re- 
quired to learn it is described approximately by the following rational equation 

R = f 

k 

in which R = number of repetitions required for complete learning.” 

See L. L. Thurstone, “The Learning Function,” Jour, of Gen. Psych., 3 (1930), pp. 469-91. 
Such an analysis, as has been suggested in the discussion of “analogous” and “analytic” 
tests, may serve not only as a criterion of individual progress in training, but also as a 
direct measure of individual aptitude for the task. See Chapter XII, pages 225-44. 
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the acquisition of skill; to the effect of degree and persistence of effort 
during training, or zeal and determination, of tihe difficulty of com- 
bating boredom, annoyance, discouragement, etc.*® 

The desirability of an analytic study of records of progress, coverii^ 
short periods of time, as well as of practice curves plotted to show d^y 
or weekly progress, has been particularly stressed by Argelander and 
by Poppelreuter.*^ The latter points out, for example, that there are 
apprentices who first work slowly and accurately, but who, after a 
lapse of time, show a characteristic trend in the direction of fast but 
inaccurate work. On the other hand, he finds apprentices who, although 
appearing to be unsatisfactory workers at first, slowly, but with a high 
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Figure 56 A. Individual Practice Curves 
{After Poppeheuter) 


degree of certainty, develop into satisfactory workers from the view- 
points both of quality and quantity of production. 

Poppelreuter has employed the arbeitsschauuhr, making available 
graphic records of rate of production, of voluntary rest pauses, etc,, 
as an aid in analyzing the progress of the worker during training. Figure 
S6A, shows the work records of two apprentices engaged on a laboratory 
task involving heavy work of a t 3 TJe that a machinist operating an hy- 
draulic hammer may be called upon to perform. The apparatus em- 
ployed for this type of work is shown in Figure 56B. The subject is re- 
quired to punch holes on a narrow roll of paper with a punching device 
weighing 30 pounds. After the hole has been punched the weight, 
raised by both hands, is lowered to its frame, while the subject draws 
out the paper in preparation for the next punch. The subject is in- 
structed to set his own pace, to pause whenever he chooses, to sit down 
whenever he chooses, etc., and an accurate record is automatically kept 
of his work. It can be observed that the production of the two sub- 
jects, P-16 and P-17, is at first about equal. As a matter of fact, the 
former does not do as well as the latter at first, because he performs 
the work of lifting the weight to punch the moving band with less 
regularity. However, with continued practice in the work, there develops 
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greater and greater difference between P-16 and P-17, with the lattei- 
exhibiting a consistently irregular and lowered production, characterized 
by many pauses in work. These characteristics appear only after be 
has been given' an opportunity to engage in the work for a period of 
time. In ^s case, their existence could not have been foreseen in the 
early part of the work period. Moreover, the exact nature of the dis- 
turbing factor would be concealed in a mathematical treatment of the 
practice curve. As records for longer periods of time are studied, char- 



Figure 56 B. Apparatus Employed in Studying Practice Curves 
(After Poppelreuter) 


acteristic work traits, of such great importance in training and in final 
adjustment are revealed. Although the curves shown in Figure 56A rep- 
resent tasks performed in the laboratory rather than in industry, they 
are characteristic of the type of curves which can be found if the 
progress of apprentices on the job is followed. Their study makes it 
possible, in many cases, to correct conditions interfering with gain 
from practice and with production and in others, when such correction 
is not possible, to provide for the re-adjustment of the employee in 
another form of work. 

The possibilities of this procedure as an aid in promoting the acquisi- 
tion of many diverse forms of skill are illustrated in its use by Nier 
in the instruction of street car motprmen. In this instance a moving 
picture is employed as a stimulus for* response on controls whose move- 
ments are recorded on a band moving in synchronism with the film 
(Plate V and Figure 41) : The graphic record of time, form and varia- 
tions of movement involved in starting, stopping, etc., serves not only as a 
measure of progress with instruction, but as a basis for the qualitative 
analysis and correction of operating defects not revealed by any less re- 
fined method of studying practice effects. 

mer, "Der Mensch ab Wirtscfaaftsfaktor im Verkehrsbctrieb,” Ind. Psychot., 8 
(1931), pp. 33-Sl; 74-96. 
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TRANSFER OF TRAINING 

Allied to the problem of the whole and part-method In training is 
the question of whether practice on one form of work is of advantage 
in enabling the worker to perform better other kinds of work. Until 
recently educational practices were formulated on the belief that an 
increase in efficiency in one activity is accompanied by an increase in 
the power to perform other similar activities. This belief in the trans- 
jer of training assumed the existence of “general faculties” or “unitary 
powers” of memory, observation, judgment, motor ability, etc., each 
of which was developed through exercise with any difficult task in- 
volving that faculty.^^ The dominant positions of Latin and mathe- 
matics in the curriculum of the secondary school, maintained until the 
beginning of the present century, reflects the faith in the value of such 
subjects in stimulating the development of the general faculties of 
memory and reasoning. Vocational courses were introduced into the 
curriculum in part because of the belief that manipulation with tools 
improves the motor ability of the school boy and hereby makes him 
more fit for entry into a trade. 

In the industrial situation the use of training material reproducing 
in miniature the task to be performed by the worker reflects a 
confidence in the transfer of the effects of training from one task to an- 
other task. Such material is illustrated in the training program de- 
veloped by Schuschakow and Perewersew** who used a minia- 
ture model of a locomotive and a train of cars in instructing railroad 
engineers in the proper application of brakes for the purpose of avoid- 
ing accidents and in the control of speed to overcome excessive jolting. 
In training bill sorters an attempt has been made to facilitate improve- 
ment by a period of practice on the analagous task of sorting cards 
with different designs. The assumption in such training is that “the 
effect of training in any specific form of mental activity may be trans- 
fered to any o^er activity of the same form, although dealing with 
different materials.” The belief in transfer assumes that quantitative 
and qualitative changes in one ability result from quantitative and 
qualitative changes in another as the result of practice.** 

The possibility of transfer on a task resembling industrial work has 
been investigated by Langdon and Yates.*^ The task employed was 
that of assembling bicycle chains on the apparatus illustrated in Figure 
76. The subject is seated in front of a table on which is fixed a circular 
turn-table carrying spindles on which links are placed. As ^ach spindle 
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comes before tbe subject he removes it from the turn-table, 
the link into a box at his right hand. At the same time a link is taken 
from a box at 1^ left hand, placed on the spindle, which is re-inserted 
in the turn-tablfe and the latter turned so as to bring the next spindle 
into position for the repetition of the operation. A Veeder counter is em- 
ployed to record automatically the number of links handled at each 
period of work. 

Thirty-two subjects were trained in this work by spending 80 minutes 
on this task both morning and afternoon for a period of 2 weeks. A 
period of 10 minutes rest was alternated with each period of 10 minutes 
work during the progress of the investigation. Before training was 
commenced the subject was tested on a series of performances later 
employed in measuring the incidence of transfer. These performances 
included: 


(1) Match insertion. 

(2) Placing matches in a box. 

(3) Placing rings on a rod. 

(4) Threading links. 

(5) Arm movement. 

(6) Moede’s impidse meter. 

(7) Steadiness tests. 

(8) Mental arithmetic. 

(9) Cancellation test. 

This series of tests was given to each subject prior to practice on the 
chain assembly, at the end of the first week and at the end of the 
second week of training. The same tests were given, also in the same 
order and at the same intervals, to 28 subjects who had received no 
training, constituting a control group. Subjects of the experiment were 
all boys between 15 and 18 years of age, who were paid a minimum 
wage of 12 shillings per week and who, in addition, received a bonus 
depending upon the degree of improvement on the performance. On 
the day on which the transfer tests were given the improvement in 
these was included as a basis in calculating the bonus, so that motiva- 
tion was constant from test to test. Members of the control group were 
paid on the same basis. 

An analysis of the results showed no greater improvement on the 
part of the experimental group on the tests of manual dexterity than 
appeared in the control group, the members of which had received no 
opportunity for practice on ^e chain assembly operation. On most of 
the performances both the experimental group and the control group 
showed improvement in successive performance, particularly in com- 
parismi with the first and third performance on the transfer test. How- 
ever, in no case was the difference between the trained and con- 
trolled groups with respect to improvements in the third as compared 
witb the first trial on the test sig^cant — significance being expressed 
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in terms of the ratio between the difference in means and the standard 
deviation of the difference. In other words, the brief practice due to 
each test itself is more effective in producing improvement in tha t per- 
formance than is intensive training in an analagous performance. The 
results of this experiment support the view that training in manual 
dexterity is specific rather than general. 

This experiment was followed by an investigation designed to de- 
termine the effect of intensive training in estimating the size of steel 
balls lying within a given range on estimation of a similar series of 
balls lying outside of this range. Balls ranging in diameter from 
to % 4 " by differences of Yet' were employed. The balls were lifted on 
a spoon and the diameter estimated visually. Conditions of illumination 


TABLE 54 


Subjects 

Initial score 

1-2 

In % improvement 
2-3 

1-3 

Trained, A 

265 

104.6 

7.4 

119.1 

Control, c 
Control, k 

252 

265.2 

— 16.9 

203.6 

278 

86.6 

34.2 

150.5 

Trained, C 

113 

97.1 

13.3 

123.3 

Control, d 

130 

88.4 

18.9 

124.1 

Trained, D 

132 

39.2 

— 3.9 

33.8 

Control, n 

137 

95.7 

84.2 

260.5 

Trained, E 

74 

— 30.8 

7.1 

25.9 

Control, b 

76 

13.4 

21.8 

38.2 

Trained, F 

156 

5.3 

23.1 

29.6 

Control, r 

164 

60.8 

17.2 

88.5 


(After Langdon and Yates) 


were kept constant. One hundred balls, 10 in each series were presented. 
The time taken for this, 10 minutes, was followed by a rest period oi 
10 minutes. Conditions of work and payment were the same as those 
in the first experiment. The material for the transfer test consisted of 
100 very much larger balls, 10 of each size, ranging in diameter from 
1" to by differences of %s"- Six subjects were included in an 
experimental group, trained for a period of 2 weeks and 18 in a control 
group not trained and given the transfer tests under identical condi- 
tions. 

The results reveal no superiority of the trained^ over , the control 
group. A comparison between the trained and un-trained subjects with 
approximately the same initial score, is shown in Table 54. It can be 
seen that in each case it has been possible to find a member of the 
control group who showed a greater improvement in test 3 over test 
1 than did a comparable member of the trained group. The evidence 
from this study is that in the case of visual discrimination, as in 
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the case of manual dexterity, the effect of practice is specific to the 
operation. 

From the viewpoint of practical implications this means that train* 
ing in industry Aould be confined to the specific operations of the job. 
There can be no profit in attempting to teach workers to sort ball bear- 
ings by giving them practice in sorting geometric figures or other de- 
signs in the laboratory or in a “vestibule school.” The operation of a 
motor vehicle cannot be successfully taught by practice on smaller 
electrical locomotives in order to improve accuracy in the estimation 
of speed and distance of a moving object even though capacity for this 
job may be determined by means of an analogous test in miniature form. 

In contrast with the negative results of this experiment are findings 
favorable to transfer in early experiments by Coover and Angel who 
found an increase in efficiency in certain aspects in typing on the part 
of 6 subjects trained for 40 days in rapid sorting of cards. Bair’s ** 
results on the effect of training in tapping rapidly on the t}rpewriter a 
given series of exposed letters upon speed of tapping other series is also 
interpreted as indicating that one kind of practice helps in another 
kind. 

The problem of transfer is very much confused by the failure to 
use a sufficient number of subjects and by the generally inadequate 
control of incentives and conditions of work in its investigation.*® 
Summarizing the results of investigations it may fairly be stated that, 
in general, the amount of transfer of skill is small.* ^ There is distinct 
evidence that the development of proficiency in one task can only 
satisfactorily be accomplished through the repeated performance of 
that task. Practice in other operations, involving the co-ordination of 
similar muscle groups in general, does not help in the acquisition of 
other skills and in some cases may actually interfer with their acquisi- 
tion. In instances where transfer from one type of performance to 
another has been found, the transfer appears to follow largely from an 
analysis of methods; from the use of similar methods in training; and 
from the spread of mental attitude and of ideals set up during one 
task to another. The burden of evidence definitely supports the view- 
point of industrial psychologists such as Poppelreuter,*® Sollier and 
Drabs,*® and others, who firmly and repeatedly insist upon the im- 

** J. E. Coover and F. Angell, "General Pra'ctice Effect of Special Exercise,” Amer. J. 
Psyche 18 (1907), pp. 227-«. 

J. H. Bair, “The Practice Curve,” Psych. Rev., Monog. Supp. No. 19, (1902). 

General aspects of the problem are reviewed by Whipple in a summary of investigations 
in this field. The interested reader is referred to that and to standard texts on educational 
psychology for further <ffscussion of this problem. G. M. Whipple, "The Transfer of Train- 
ing,” 27tk Year Book of the Nat’l Soc. Study oj Ed., Bloomin^on, HI. (1928), Part II, 
pp. 179-209. 

T. H. Pear, op. dt., pp. 93-94. 

<<W. Poppelreuter, “Analyse der Erziehung zur Exaktheitsarbeit nach experimental- 
psychologisder Methode,” Zdtschr, f. angew. Psychologic, 29 (1927). 

*sp. Sollier and J. Drabs, "La Prevision de la perfectabiliti des aptitudes motrices,” 
Sw. de la Sd. du Trav., 2 (1929), pp. 26-40; S23-S38. 
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p>ortance of training in the task itself, under actual conditions of work, 
as the only certain method of promoting the integration of skills neces- 
sary for the successful performance of the task. 

The study of transfer effect has indicated that under certain con- 
ditions the practice of similar tasks may induce a negative transfer or 
interference with the acquisition of skill. Evidence of this is found in 
the investigation of the whole-part method of training by Beeby, de- 
scribed on pages 412-14. The character of such interference is well 
illustrated in the classic card sorting experiment, in which the subject 
is required to sort as quickly as possible a set of 100 cards divided 
into 10 suits. The cards are so shuffled that in no case do cards of the 
same design come together. They are sorted to a board, approximately 
15" by 20", placed before the subject, upon which the 10 designs of 
the suits have been drawn in two rows of 5 each. After the cards have 
been distributed 10 times, another order of designs is substituted for 
the one to which the cards have been sorted and the cards are again 
sorted 10 times. 

Typical curves showing the time taken for the first and second series 
of 10 trials are shown in Figure 57. A comparison of Figures 5 7a and 
57b shows clearly what generally takes place. During the first 3 trials 
with the changed arrangement of designs the time taken to sort the 
cards is longer than the time for the first 3 trials of sorting to the first 
arrangement. Practically every time this experiment is performed, the 
sorting time for the first 2 or 3 trials with the changed order is longer 
than the time in the first 2 or 3 trials of the first series. The time 
then generally decreases, as in the case of the 10 trials in the first 
series until at the end of the tenth trial in the second series the time 
may be less than for the tenth trial in the first series. 

The increased time in the first few trials of the second series il- 
lustrates the effect of negative transfer. When opposing associations 
of movements are alternately or successively practiced, they have an 
interference effect upon each other, particularly during the early prac- 
tice period. The formation of a habit is disturbed as a result of negative 
transfer, if another response, antagonistic to the one being learned, is 
practiced along with it. The stabilization of a habit of response may 
also be interfered with by an already established habit similar to that 
which is being learned. As has been pointed out in Chapter XIX, in 
learning to use a typewriter, it is easier for one who has never used a 
typewriter to learn to type correctly, i. e., with all ten fingers, than for 
one who has already typed, but incorrectly — that is, employing one or 
two fingers. 

The chief weakness of the program for training motormen described 
on pages 395-97 is the opportunity which it allows for negative trans- 
fer or habit interference. The possibility of such negative transfer, 
combined with the evidence that the practice of similar movements has 
little if any positive value, further confirms the desirability of insist- 
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ing upon the repartition of only those movements which have been found 
most suitable fo^ the task as a means of ensuring the achievement of 
the necessary leyel of skill in its performance. The importance of this 



W 



FiGintE 57 . Practice With the Sorting Test 

Figures on "time in seconds" given in the curves are not actual but 
hypothetical, approximating those generally obtained by averaging the 
results oj a number of subjects. 

(After Viteles) 

wfll appear again in the discussion of accuracy vs. speed in the acquisi- 
tion of skill, and in the discussion of the best methods of work. 

training for speed and accuracy in work 

One of the most important problems in training is whether attention 
should first be concentrated upon accuracy or first upon speed in teach- 
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ing skill. The general tendency, as Bartlett points out, is to empha- 
size accuracy first on the assumption that it is easier to ^>eed tha** 
to correct inaccurate movements. Evidence tha t favors an emphasis 
upon quality of workmanship rather than upon quantity of produc- 
tion in the early part of a training program appears in an experiment 
described by Meyers,®® in which 2 groups of 8 girls were required to 
make a pattern of 36 colored cubes. One group was instructed to work 
for speed, each girl being reminded at the beginning of each trial to 
speed up as much as possible. The other group was instructed to empha- 
size accuracy; being reminded at the beginning of each trial to take 
care that no errors were made. The speed group required less time than 
the accuracy group for forming the pattern in the first few days of 
the exp>eriment, but at the same time developed a number of errors 
which became more and more fixed and finally provided an effective 
block against further increase in speed. The accuracy group over-took 
the speed group after approximately 20 days of work and at the end 
of 60 days was well in advance over the speed group, both from the 
viewpoint of rapidity as well as accuracy of performance. Results such 
as these suggest that if accuracy is stressed in early training not only 
will the quality of workmanship be better at the end of the training 
period, but that speed will also be greater than under conditions of 
learning where quantity of production is stressed early in the training 
period. 

The results of a similar experiment in typewriting are cited in further 
evidence of this point of view. Two squads of 7 girls practiced 3 minutes 
for 36 consecutive days. At the end of this period the accuracy group 
showed little gain over the speed group. However, after 4 mont^ with- 
out practice by either of the groups, each was required to copy for speed 
unfamiliar material for a period of 10 minutes. The speed group ob- 
tained an average of 383 words with 2.2 errors per 100 words, whereas 
the accuracy group wrote an average of 451 words with an average of 1.2 
errors per 100 words. 

The conclusions from these experiments are, in general, in accord 
with those formulated as a result of an earlier investigation of Stuart,®* 
who, in training two groups of children to t)TJewrite by speed and ac- 
curacy methods respectively, found that while the group that was trained 
in accuracy gradually improved in speed, the group that was trained in 
speed did not constantly improve in accuracy. Although, in the long run 
little difference was found between the 2 groups when the emphasis of 
each was changed, an analysis of the fingering movements apd positions 
of the hands showed that, on the average, the movements of the accuracy 
group were considerably more “correct.” This suggested that in this 

F. C. Bartlett, Psychology and the Soldier, Cambridge, England, 1927, pp. 69 ff. 

G. C. Meyers, “Speed versus Accuracy in the Development of Industrial Skill,” J. Pers. 
Res., 4 (1925), pp. 20-22. 

M. Stuart, “A Comparison of Speed with Accuracy in the Learning Process,” Brii, /. 
Psych., 12 (1921), pp. 289-300. 
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operation, at least, it seems un\inse to demand speed from the very be- 
ginning as this increases the difficulty experienced by the learner in ac- 
quiring “correct movements,” where such movements are desirable. 

In a more recent investigation Windmoller has studied the relative 
effects of emphasizing accuracy and speed in different types of work. A 
group of 45 fourteen-year-old boys and girls were set to work on various 
tasks such as tjrpe-setting, cancellation, addition, copying figures, cut- 
ting out patterns, arranging cards, arranging figures, bending wire, etc. 
The subjects performed these tasks three times, being instructed: (1) 
to work as fast and as accurately as possible, (2) to concentrate on ac- 
curacy, (3) to concentrate on speed. The results showed that in very 
simple tasks emphasis on accuracy reduces speed and does not in in- 
crease efficiency, since the work is just as good when done fast, but that 
in work which is difficult, or which requires much attention to small 
details, the best results are obtained from stressing accuracy alone. 

Analytic studies of changes in movement with practice lend support 
to the viewpoint that increasing speed is associated with the perfec- 
tion of precision in movement. A complex movement represents a con- 
tinual and constant process of adjustment or correction of movements.®* 
This process has a physiological foundation in the sense that movements 
are not continuous but proceed by steps which become more numerous 
when delicate and complex movements are involved. The changes pro- 
duced by practice tend to the development of a typical “form of move- 
ment” — a “whole” or “gestalt” — ^which is inseparable in so far as its 
elements are concerned.®® The changes in the character of movement 
with practice have been studied by Gemelli ®® through an analysis of 
the form of the photographic records of successive movements in the 
task of tracing designs. These records have shown the discontinuity of 
movement observed by other investigators. They also made it possible 
to determine (a) the speed, (b) the amplitude, and (c) the extension of 
eacA movement of flexion and extension, and (a) the speed, (b) the 
amplitude, and (c) the extension of each part of a flexion or extension 
movement. By means of accurate measurements, Gemelli was able to 
calculate: 


1. A speed quotient for each movement of flexion (Q.V.F.) 

2. A speed quotient for each movement of extension (Q.V.E. 


3. 

4. 


• ( O V F ) 

A ratio between these two quotients ‘ . 

A quotient of amplitude of movement (Q.A.) 


) 


When the first half of the movement of flexion is faster than that of 


•^0. Windmoller, “Die Beziehungen Zwischen Arbeitschnelligkeit und Arbeitsgiite,** 
Psychoi. Z,, S (1930), pp. 1-13. 

A. Gemelli, *‘Recherches sur la Nature de THabilit^ manuelle,” J. de Psych., 25 (1929), 
p. 177. 

®®A. Van der Weldt, “L’Aj^rentissage du mouvement et Tautomatisme,'’ £tudes de 
Psyckologie, 3 (1928), pp. 239 ff. 

A. Gemelli, op. cit., pp 190 ff 



TRAINING METHODS 


431 


the second half the speed quotient for flexion (Q.V.F.) is greater than 
unity. If the second half of the movement is faster than the first, the 
speed quotient is less than unity. This relationship also holds for the 
speed quotient of extension (Q.V.E.). In so far as the speed ratio of 

(OVEl 

extension and flexion is concerned, ( it is greater than unity if 

(y.v.*.; 

the speed of flexion exceeds the speed of extension and vice versa. 

In Table 55 are shown the Ratio of Speed of Flexion and Extension, 

( Q V F f number of errors, and the Amplitude Quotient, (Q. A.) 

for 5 subjects with 15 days of practice in tracing the same designs. The 
figures show that at the beginning of practice the first part of a flexor 
movement has more speed than the second. This is also true of the ex- 
tensor movement. Gradually this relationship is changed and by the end 
of the ISth day is completely reversed, the second part of the flexor and 
extensor movements becoming faster than the first. The number of er- 
rors decreases with successive periods of practice and, in addition, there 


is a marked decrease in the amplitude of movement. 

These facts suggest that in the course of learning there is a gradual 
adjustment or adaptation of different muscular movements directed 
toward a definite end. The chief feature of this adjustment is that the 
movement gradually acquires a characteristic form or pattern, the chief 
effect of which is to produce an increasing refinement and precision of 
movement. This is accomplished by an increase in the number of dis- 
continuous elements in the movement. There is an increasing number 
of minute arrests which help to accomplish this purpose. At the sanie 
time these movements, considered in their ensemble, become more uni- 
form and develop into a “whole” movement or “motor form” haying 
a characteristic internal structure. The movements which constitute 
a manual ability become definitely fixed into a structural form. In other 
words, skill results from a process of adaptation of each movement to 
constitute a “motor form ” — combining elements of accuracy and speed 
— intimately bound with perceptual conditions. 

In spite of findings such as these, there is no universd agreement 
that an emphasis upon quality of workmanship alone will also bring 
about the greatest speed in work. The insistence upon perfect per- 
formance of the elements of a job, it fe claimed, may be carried to the 
point where the worker develops habits of deliberateness which are 
very difficult to overcome.** This follows partly from the fact that fast 
and slow movements do not follow the same pathway. This was early 
demonstrated by Gilbreth,*® who found that bricklayers used 3 different 
sets of movements, (a) when laying bricks quickly; (b) when laying 
them slowly; and (c) when demonstrating. Gilbreth’s position, adopted 


« H. C. Link, of. cU^ p. 133. 

F. B. Gilbreth, Applied Motion Study, pp. lOS f. 
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as a result of a study of brickla3ring, is shown in the statement that “the 
most pernicious practice is the generally accepted one of first having 
an apprentice do perfect work and then attempting to make speed 
later.” ** 

Such differences in the pathway of fast and slow movements may be 
associated with the relationships between acceleration and decelera- 
tion in movement. The speed at which a limb or body moves is never 
regular.®* Accderation occurs after the initial impulse has set the limb 
moving. Deceleration sets in before the limb finally comes to rest. The 
relative change of speed is not the same in fast as in slow movement. 
As a result of this the path covered in movement is apt to be different. 
In other words, if we learn slowly and then speed up there occurs not 

TABLE 55 

Changes in the Form of Movement 


SUBJECTS 

1st DAY 

A 

8th day 

15th day 

K 

q!v.f. 

Q.V.E. 

ERRORS 

’* i 

Q.A. 

Q.V.F. 

Q.V.E, ERRORS Q.A. 

Q.V.F. 

Q.V.E. 

\ 

ERRORS Q.A. 

1 

0.79 

35 

1.68 

0.96 29 

1.50 

1.01 

IS l.OS 

2 

0.81 

38 

1.72 

1.07 24 

1.43 

0.97 

17 1.12 

3 

0.64 

27 

1.96 

0.91 12 

1.22 

1.06 

9 1.07 

4 

0.70 

41 

1.78 

1.01 21 

1.64 

1.05 

7 1.12 

5 

0.85 

56 

1.70 

0.94 34 

1.41 

1.01 

16 1.16 


(After Gemelli) 


only a change in the rate of movement but an actual change in the path- 
way of movement. This involves virtually the acquisition of a new 
habit which may interfere with the final accuracy as well as with the 
final speed of work. However, in general, there is reason to believe that 
such a change in the path of movement as may be necessary to speed 
up work is often easily acquired, perhaps more easily than a habit of 
perfection when this has not been stressed in the early part of the 
practice period. 

An analysis of laboratory findings suggests that, as a general rule, 
it would appear to be good practice, in training, to emphasize first 
the correct performance of the task, but to supplement this as early 
as possible with an emphasis on speed. The new worker must be trained 
in such a way that he will never be tempted to develop what the con- 
sensus of expert opinion agrees to be bad habits or undesirable methods 
of work.*® However, “if the training period is to accomplish its aims 
the habits of quick workmanship must step on the heels of correct 

•»F. B. Gilbreth, Motion Study, New York, 1911, p. 37. 

•* F. C. Bartlett, op. at., p. 68. 

•* T. H. Pear, op. dt., p. 74. 
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habits of workmanship.” ** Very early in the training period an em> 
phasis on quantity of production must be introduced in order to profit 
fully from a joint stabilization of the correct and fast pathway into a 
fixed “motor form” embodying the advantages of speed and accuracy — 
of high quantity and quality of production. 

the best methods of wokk 

As indicated earlier in this chapter, the most important single factor in 
the acquisition of skill is pactice or repetition.^’’ Increased motivation 
may release certain inhibitions in learning and make repetition more 
effective. The use of the whole or a modified whole-method of training 
and of other techniques discussed in the preceding pages may facilitate 
the acquisition of skill, but without repetition it cannot be acquired. 
However, in order to take full advantage of the infiuence of repetition 
in establishing skills it is important to employ during practice only the 
most effective movements. It is just as easy to establish an incorrect 
or inefficient response as to set up one which will most effectively meet 
the needs of the situation. The repetition of a faulty swing in golf, for 
example, will serve to establish that swing more and more thoroughly ** 
and, because of the effect of negative transfer, may later interfere 
with the development of a swing capable of producing better results. 
In the same way the repetition of a faulty method of work may result 
in its settlement and in interference with the learning of better methods. 
If left to his own devices the new worker may as readily adopt a rela- 
tively inefficient method of work as “hit upon” a method calling for 
the least expenditure of effort on his part. If given an opportunity and 
the incentive to think through the problem involved in learning, the 
worker may ultimately choose a better method, but the only certain 
way of insuring the choice of an efficient method is through instruc- 
tion from the very beginning in the method or methods which an 
analysis has shown to be most effective for accomplishing the purpose 
of the task. Effectiveness, in this connection, must be measured not 
only by a production criterion, but by the cost to the worker of the 
methods employed in work. It must be recognized that among the “prin- 
cipal results to be accomplished by training are a greater immunity 
of the organism to the toxic products of fatigue and an acquisition of 
the ability to conserve one’s energies and direct his impulses to the exe- 
cution of only such movements as will be of assistance in accomplishing 
the specific ends.” / 

Instruction in standard or correct methods of work was emphasized 

** H. C. Unk, op. cit., p. 134, 

P. M. Symonds and D. H. Case, “PracUce vs. Motivation,” /. Ed. Psych., 20 (1929), 
pp. 19-JS. 

•*E. S. Robinson, op. cit., pp. 101-02. 

•» J. E. Ash, “Fatigue and Its Effects Upon Control,” Arch, oj Psych., 31 (1914), pp. IS- 
16. See also Cbapteis XXI and XXII. 
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by Taylor as one of the most important features of scientific manage- 
rnent.^" F. B. and L. M. Gilbreth have frequently drawn attention 
to the importance of eliminating unnecessary movements and of com- 
bining the remaning efficient movements into a standard method of 
work — ^the one best way — in maintaining industrial efficiency. The best 
combination of efficient movements, or the one best way of work, ac- 
cording to the Oilbreths is determined from a comparison of the con- 
stituent elements or therbligs of a task as performed by different ex- 
pert operatives.*^ Where the timings for the therbligs differ, that which 
is the shortest is selected, its characteristics determined, and the move- 
ment combined with others selected in the same way into a single series 
of movements constituting the standard method of doing the task. The 
sum of the times of these constituent elements, plus a percentage for un- 
avoidable delays, plus a percentage to allow for average workers, de- 
termine the standard time for the task. This virtually means, as Myers 
has indicated, that the efficiency engineer applying these techniques 
“proceeds by analyzing a given (^ration into a number of different 
parts, observing and tabulating the movements of another operative 
who performs another part in the quickest time, and so on; finally 
collecting into one series the quickest and best movements which is 
stereotyped and forced on every worker as the ‘One Best Way.’ ” 

The manner in which the Gilbreth techniques have been applied by 
efficiency engineers in determining the movements to be used in work 
and in training workers has been severely criticized by a number of 
industrial psychologists. In the first place, the custom of coupling 
changes in wage systems with changes in methods of work, follow- 
ing motion study, has made it practically impossible to determine the 
relative contribution of motion study and of the financial incentive in 
increasing production following the adoption of a new method of train- 
ing and of work.** The question has also been raised as to whether 
movements observed in different workers, and selected as best largely 
on the basis of time, can be combined into an. independent group 
yielding the most satisfactory results for all or even most workers. The 
fundamental error in the technique, as Myers has pointed out, is the 
neglect of the discovery of both psychology and physiology “that an 
organism is more than a sum of parts thrown together haphazardly”; 
that “the individual has characteristics which are not to be found in his 
isolated parts and his best mode of movement is not necessarily to be 
derived from a combination of more elementary elements selected from 
different operatives on a basis of speed.” 
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Beyond the techniques employed in setting up the standard method 
of work, is the criticism of Gilbreth’s fundamental concept of the one- 
best-way of work. Such criticism is based on the grounds that “it is 
doubtful if a set of movements, however good they may be, can neces- 
sarily be regarded as the best movements for every person con- 
cerned/^ According to this viewpoint personal differences in physical 
and mental make-up must be recognized, and the possibility allowed 
that the worker may discover a method of work better suited to his 
requirements than a prescribed one. Moreover, the criticism of the one- 
best-way denies that speed of work is the best criterion for judging 
the effectiveness of a movement. The logical development of this view- 
point is the contention that increased output cannot serve as the only 
gauge of the value of a method of work. There must be combined witti 
speed of work and output a yardstick showing the ease with which the 
worker can perform the series of movements — ^i. e,, the cost in fatigue 
and malaise of a prescribed method of work. Reduced fatigue and in- 
creased feeling of comfort and satisfaction of work constitute neces- 
sary standards in determining the movements to be taught to the 
worker and in training him for the efficient performance of his task. 
From this viewpoint the objective of motion study is as well attained 
by an increased feeling of ease in work, without increased production, 
as by an actual increase in output. 

Although the standard method of work is criticized, it is still recog- 
nized that there are certain general principles which can be applied, 
in the selection of sequence of movement, which will serve (a) to in- 
crease the effectiveness of movement in work and (b) to decrease 
susceptibility to fatigue through economy of effort. Such principles 
have been formulated by Myers,"^"^ on the basis of an analysis of psy- 
chological and physiological factors in movement, as follows: 

1. Successive movements should be so related that one movement 
passes easily into that which follows, each ending in a position favor- 
able for the beginning of the next movement. 

2. The order of movements should be so arranged that little direct 
attention is needed for passage from one to another. In other words, 
they are so arranged that the mind can attend to the final aim or end 
of the operation instead of being distracted by the work of initiating 
successively the several movements which are involved in a task."^® 

3. The sequence of movements is to be so framed that an easy 
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rhythm can beesU^lished in the automatic performance of the various 
elements of thf operation. 

4. From the. principles which have been stated follows the corollary 
that a continiu>us movement is preferable to angular movements in- 
volving sudden changes in the direction of movement. 

5. The number of movements should be reduced as far as possible 
witiiin the scope of limitations suggested above. In general, reducing 
the number of movements will facilitate a rhythmic method of working 
and automatization as a means of reducing the volitional direction of 
work. 

6. Simultaneous use of both hands should be encouraged. 

7. When a forceable stroke is required, the direction of movement 
and placement of material should be so arranged that, as far as prac- 
ticable, the stroke is delivered when it has reached its greatest mo- 
mentum. 

The criticism of the Taylor systems and the Gilbreth concept of the 
one-best-way of work has not deterred the industrial psychologist from 
employing the methods devised by efficiency engineers for motion 
study. Although, in general, there is some objection to the generalized 
use of the highly refined techniques,^* there are cases in which these 
too have been employed. However, in the practical application of mo- 
tion study techniques the emphasis is upon the ease of work, upon 
human and not primarily upon economic efficiency.®® The difference 
in point of view is well illustrated in a series of conclusions reached by 
Fanner with respect to the principles to be employed in the applica- 
tion of time and motion study in the industrial plant. 

“1. All time and motion study must be undertaken solely in the 
interests of lessened fatigue and never in the interests of increased pro- 
duction. When a proper system is carried out, increased production 
will probably result, and in all cases which have come under the writer’s 
notice has actually taken place; but if increased production is made 
the object of the experiment the true issue becomes confused, and what 
purports to be a scientific investigation degenerates into a process of 
speeding up. 

“2. The underlying principle of motion study is rhythm and not 
speed. We must look upon the best set of movements as the easiest set 
and not the quickest set. 

“3. The proper use of time study is for the anal 3 rsis of an operation 
in order to suggest lines of improvement, or to determine the relation 
between processes, rather than for standardization. The setting of a 
standard tends to introduce an interfering element in the worker’s 
mind. All the effbtt of the investigation should be concentrated on 
lessening fatigue wd increasing the ease with which the operation can 

E. Farmer, op. df., p. 32. 

•« See Chapter XXU, pafes 464-6$. 
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be performed; other things being equal the operatives will set their 
own standard which will be satisfactory to all concerned. 

“4, Time and motion study is only part of a whole region of study 
affecting the human element in industry, and can only be carried out 
in conjunction with the study of other equally fundamental prob* 
lems.” 

These principles have been applied by Farmer in a series of fac- 
tory investigations. Under these conditions, for example, in dipping 
candy, a group of workers trained in a new method of work, involving 
a substitution of continuous circular for discontinuous angular move- 
ments averaged 88 per cent more in production, with no increase in 
fatigue, over more experienced girls using the old method. In a coal 
mine the worker trained to wield the pick in a continuous curved path, 
instead of backwards and forwards in a straight line, and in the 
optimal rate for rhythmically swinging the pick with respect to the 
nature of material, showed a 16 per cent increase in output. In addition, 
the workers declared they were less fatigued and expressed less (hs- 
satisfaction with work than was the case prior to this change in methods 
of work.®* 

Results such as these indicate the extreme value of motion study 
and training in correct movements based on a consideration of psy- 
chological and physiological, as well as of economic factors. They sug- 
gest, in general, as Myers has aptly concluded, that “the training of a 
new worker shows him one of ^e most economical methods and pre- 
vents in him the formation of bad habits. It need not turn him into 
a machine any more than if he were left to his own devices. . . . 
While the employee should be trained from the start in what has 
been proved to be one of the best methods, he should be at full liberty 
to substitute another, if he prefers it and can show that it is as ef- 
fective. To aim at pressing all workers into the same mould is not 
only to destroy individuality and to encourage needless monotony, 
but also to run counter to known psychological principles. It is t^ 
outcome of so-called ‘scientific’ management, mechanically formulated 
by the engineer, in which the mental factors of personality, sentiment, 
and sympathy are sacrificed to purdy physical considerations.” 
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Work-work-work 
TUI the brain begins to swim; 
Work-work-work 

TUI the eyes are heavy and dim! 


TUI the heart is sick and the brain benumb’d 
As well as the weary hand. 

(Thomas Hood, The Song of the Shirt) 

In nearly all occupations an increasing strain and intensity of labor 
are stimulated by m^ern methods of production.* A survey of changes 
in methods of work has led to the opinion ^ that although machinery, 
in a sense, has lightened the burden of human toil, it has not reduced 
fatigue in the worker. In the competition of sensitive nerve and muscle 
with insensitive steel, the former succumbs to the ever growing de- 
mands of a mechanism that knows neither time nor tiredness. It is 
apparent, according to Mosso, that “machines are not made to lessen 
human fatigue, as poets were wont to dream. The velocity of the flying 
wheels, the whirling of the hammers, and the furious speed at which 
everything moves, these things tell us that time is an important factor 
in the progress of industry, and that here in the factory the activitj 
of the workers must conquer the forces of nature. Beside these roar- 
ing machines are seen half-naked men, covered with sweat, hurriedly 
pursuing enormous weights, which whirl round as if a mysterious hand 
were raising them. The hiss of the steam, the rattling of the pulleys, 
the shaking of the joints, the snortihg of these gigantic automata, all 
warn us that they are inexorable in their motion, that man is con- 
demned to follow them without a moment’s rest, because every minute 
wasted consumes time which is worth money, seeing that it renders 
useless the fuel and the movement of these coUossi.” • 

The introduction of machinery and the si>ecialization of labor have 

1 See Final Report of the United States Industrial Commission on the Relations and Con- 
ditions of Capital and Labor Employed in Manufactures and Several Businesses, Vol. 19| 
Washington, 1902, p. 763, 

* T. Oliver, Dangerous Trades, London, 1902, p. 115. 

• A. Mosbo, Fatigue, New York, 1904, p. 172. 

438 



INDUSTRIAL FATIGUE 


439 


made it possible to increase greatly the speed of the individual worker. 
Mechanical aids to increased speed are supplemented by piece rate 
and other financial incentives which further urge on the worker to a 
fiercer pace.^ The increased tension under such conditions of work 
appears to off-set the savings in muscular force made possible by the 
machine. The tension, the speed, the subjection to specialization of 
work and a rhythm uncontrolled by the individual promote fatigue, 
characterized by a “decrease in the power to work, a decrease in 
pleasure taken in work and a decrease in the enjoyment of the hours 
spent away from work.” ® 

There is tremendous economic waste in the annual cost to industry 
of excessive and unnecessary fatigue. Gilbreth,® for example, ascribes 
to fatigue brought about by such unsatisfactory working conditions as 
glare, unsuitable and badly placed chairs, etc., a daily loss of 20 cents 
per worker in decreased production. The annual loss in the United 
States attributable to industrial fatigue has been estimated at approxi- 
mately $2,500,000,000.'^ Although these figures are merely estimates, 
they are accepted as reasonable by those concerned with this major 
industrial problem.® 

With the objective effects of industrial fatigue, in the form of de- 
creased production, increased spoilage of work, etc., are combined cer- 
tain less tangible but equally real adverse influences on individual and 
social welfare. The whole tone of an individual’s emotional nature may 
change under the effects of continued fatigue.® Things which were of 
importance tend to become trivial, and things which were trivial take 
on undue importance. The “cross” behavior so commonly observed in 
the fatigued child is duplicated in the unreasonable attitudes and the 
changed behavior patterns of the adult under the influence of fatigue. 
“When a man is tired out, he not only broods darkly, but he doesn’t 
think clearly. He does things he wouldn’t do when rested. He is easily 
depressed. He readily imagines injustice. He cannot turn his mind 
from imagined wrongs against himself to focus it upon the wrong in 
what he is doing. Worst of all, a tired man is as quick to anger as 
he is slow and stupid in thought. In violent anger censorship is dmost 
completely susp>ended. An angry man does without hesitation things 
which he would never do ‘when he is in his right mind.’ ” 

The worker physically exhausted after a long spell at a highly tiring 
task is incapable of performing adequately the functions of the head 
of the household. This applies not only to the manual worker; it is 

* Hours of Laborers on Public Works in the United States^ U. S. Congress, House Report 
No. 1703, Washington, 1901-02, p. 9. 

® F. B. and L. M. Gilbreth, Fatigue Study, New York, 1916, p. 5. 

® F. B. and L. M. Gilbreth, “Unnecessary Fatigue a Multi-Billion Enemy to America,” 
J. Ind, Hyg,, 2 (1920), pp. 542-45. 

’ B. J. Newman, “Shop Standards and Fatigue,” NaPl Safety News, Nov. 29, 1920. 

* G. S. Watkins, Labor Problems, New York, 1929, p. 34. 

* G. D. Higginson, Fields of Psychology, New York, 1931, p. 405. 

E. D. Smith, Psychology for Executives, New York, 1928, pp. 101-102. 



440 


INDUSTRIAL PSYCHOLOGY 


equally applicable to the “tired business man,” who fatigued by the 
demands of an overcharged daily program, becomes the proverbially 
unpleasant tyrant of the family circle. Beard has pointed out that “in 
America ‘no lecturer can attract very large crowds unless he be a 
humorist and rioakes his hearers laugh as well as cry; and the lectures 
of the humorists — ^now a class by themselves — are more required than 
those of philosophers or men of science or of fame in literature. Amer- 
icans, who are themselves capable of originating thought in science or 
letters, scholarly, sober, and mature, prefer nonsense to science for 
an evening’s employment.’ ” This, according to Beard, “is an inevi- 
table reaction from the excessive strain of mental and physical life. 
People who toil and worry less have less need for abandonment — for 
nonsense, exaggeration, and fun.” He is convinced that “in no other 
country is nervous exhaustion so common as in the United States; 
that in no other country are there so many varieties and so many symp- 
toms of nervous debility.” “ 

According to early investigators industrial fatigue affects not only 
the adjustment of the individual, but influences very directly the wel- 
fare of society at large. It is interesting to note that attention was 
directed toward the debilitating effects of industrial fatigue by the 
higher proportion of those physically unfit for military service found 
in industrial as compared with agricultural populations.^^ Increased 
infant mortality ,** lowered birth rate,^* degeneration of the race*® 
itself have been ascribed by early investigators to the effects of in- 
dustrial fatigue. It is probable that the social effects of industrial 
fatigue have been somewhat exaggerated by early investigators.*® 
It is quite likely that factors other than fatigue, such as living condi- 
tions in industrial centers, are in large part responsible for many of 
the evils attributed to it by crusaders against the long work day. At 
the same time, industrial fatigue remains one of the most important 
problems in the scientific organization of work. Its elimination or pre- 
vention, its utilization as a source of knowledge of the factors involved 
in adaptation to work, are among the fundamental questions for psy- 
chological inquiry in the industrid plant. A brief analysis of the nature 
of fatigue must necessarily precede the discussion of the findings and 
practical results of such inquiries. 

A. Mosso, op. cU., pp. 198-199. 

** Ibid., pp. 161 ff. 

A. Imbert, “Influence du travail professionnel sur rorganisme,” Nouveau traiti de 
patholope generate de Bouchard et Roger, Paris, Tome I, 1912, pp. 751-764. 

0. Damner, “Handbuch der Arbeiterwolhlfahrt,” Stuttgart, 1902, p. 494. 

It “Prevention of Infant Mortality,” Conference on Prevention of Infant Mortality, 
New Haven, Conn., (1909), p. 37. 

I* "Die Fruchtbarkeit der selbstarbeitenden und den arbeitenden Standen angeborigen 
Frauen,” Z. Soc. Wiss., 8 (1905), p. 663. . 

r'^Mrs, S. Webb, The Case for the Factory Acts, London, (1901), p. 46. 

J. Goldmark, Fatigue and Efficiency, New York, (1912), p. 284. 
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the natusb of fatigue 

The word fatigue, as used both popularly and scientifically, refers 
to three related i^enomena: 

1. An overt manifestation in the form of reduced output on the 
task, known as work decrement, 2, a physiological state, involving 

/?! 



IF 

Figure S8. Mosso-Ergografh 
{A fter Lehmann) 

changes in organic functions and the production of chemical products 
of fatigue, 3. a feeling of fatigue or tiredness. 

An analysis of each of these phenomena must precede a discussion 
of the incidence of fatigue and of measures taken to reduce its in- 
fluence in the industrial situation. 

DECREASED PRODUCTION THROUGH FATIGUE 

Fatigue may be described as decreased capacity for work which re- 
sults from work. It is the “sum of the results of activities which show 
themselves in diminished capacity for doing work.” ** The course of 
reduced productivity, as a result of work, can be illustrated, in its 
simplest form, through the use of the finger ergograpk (Figure 58). 
This instrument permits the exercise of a single fi^er in liftin|; a 
weight attached to the end of a string. Figure $9 shows a typical 
finger ergo gram obtained in the course of such work. Every stroke rep- 

P. S, Florence, Economics of Fatigue and Unrest, New York, (1924), p. 99. 

Interim Report, Health of Munition Workers* Committee, London, (191S). 
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resents a movement of the lifted weight. The height of the stroke r^re- 
sents the height to which the weight is lifted. By measuring the length of 
each stroke and ciHnbining this with the weight of the lifted load, an 
exact calculation can be made of the amount of work done by the 
finger. 

lire significffit feature of this record, for our present purposes, is 



Figure 59. Typical Ergogram 
{After Yochelson) 
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Figxjbe 60. Typical Ergogratns 
(After Yochelion) 

/ 

the fact that it shows a regular decrease in the amount of work from 
second to second. The strokes decrease in height, showing that less 
work is being done by the finger, until (in the course of a few min- 
utes) a point is reached, where, in spite of the desire of the subject, 
the weight can no longer be lifted. This represents the point of ex- 
haustion, at which the capacity for work on the part of the finger has 
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(temporarily) |)een decreased to zero. In the case of the finger muscle, 
this lessened capacity for work lasts for cmly a short period of time. 
At the end of ;^ rest period of very brief duration, the wei^^t can be 
again lifted, a|< a result of the partial recovery of the muscle, although 
the total amoi^t of work done before the point of exhaustion is again 
reached is generally less than done in the first period of work. 

Results obtained with the finger ergograph illustrate clearly the 
nature of fatigue as decrease in capacity to work as a result of work. 
There are difterences in the shapes of such curves which, according 
to Mosso ** and loteyko,®® show characteristic differences between 
different subjects in their resistance to work. The character of such 
differences has been studied by Lehmann,®* who reached the conclu- 
sion that from the viewpoint of energy-constitution there are three 
major types; (1) the energetic, producing a curve in which at the be- 
ginning the strokes maintain a high level then decrease slightly or 
even increase, and finally gradually drop to a lower level which is 
maintain ed fw some time before the point of exhaustion is reached, 
(2) an an-energetic t 3 rpe, who produces a curve that drops steeply 
and maintains a low level before exhaustion, (3) a normally energetic 
or jatiguable type of individual whose curve shows a rapid and more 
or less regular drop associated with a gradual accumulation of fatigue. 

Wojchiechowski ®® has used a mercury dynamometer, devised by 
Henry, in investigating the work curves of 600 subjects, examined at 
the psychotechnical laboratory maintained in Warsaw by the Polish 
railways. The mercury dynamometer consists of a rubber bulb filled 
with mercury. The pressure of the hand on the bulb causes the mer- 
cury to rise in a tube. In the model used in this experiment, the height 
of tile mercury is graphically recorded. The height to which the mer- 
cury is raised in successive trials gives an index of fatiguability in 
terms of strength and endurance. On the basis of the findings, the 
author classified work curves into nine different groups, such as 
straight line curve, convex, irregular, etc., each of which gives a char- 
acteristic indication of the energy and endurance of the subject. 

Such differences, adequately measured prior to employment, may 
be extremely valuable in avoiding inefficiency and m^adjustment 
caused by placing the worker at a job for which he is not adapted from 
the viewpoint of fatigue tendencies. Certain individuals may be 
adapted to jobs calling for a regular consistent discharge of energy 
from pieriod to period, as in feeding automatically operated punch 
presses. Others may be better suited for tasks calling for intermittent 
spells of r^id, fatiguing work — broken up by periods of lessened 
activity. 

^ A. Mosso, op. cU., p. 90 ff. 

J* loteyko, La Fatigue, Paris, 1920, pp. 331. 

Lehmann, “Messung des Kraftimpulses,” Ind. Psychot., S (1928), pp. 264-272. 

J. Wojchiechowski, ‘^Contribution, a TEtude du Test avec le Dynamographe de Cb. 
Henry,’* Conferinda Intemadonal de Piscdtecnica, Barcelona, (1930), dp. 350-351. 
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The view point that there exist characteristic individual ten de n cies 
in energy discharge receives support in an unpublished study by 
Yochelson,®* who, in the examination of approximately 500 arm ergo- 
graphic curves (obtained during a period of 4 months, 1929-30), from 
each of S subjects, noted that the curves of each subject conformed 
to a unique individual pattern. The following year 3 of these 5 sub* 
jects were retained for further experimentation and 2 new ones re- 
placed those who could serve no longer. The 3 veterans continued to 
produce characteristic curves and the new subjects presented 2 forms 
which were distinctly different from the others. During the second 
experiment about 900 curves were gathered, including curves obtained 
by means of leg, finger, and luind ergographs, as well as on the arm 
ergograph. It is significant to note that the type of cttrve remained 
constant for the individual regardless of the part of the body em- 
ployed. These characteristic tendencies are clearly evident in Figures 
59 and 60, showing typical arm, leg, finger and hand ergograms for 
2 subjects — S-6 and S-7. Introspective evidence shows the existence 
of a “state of mind” conforming to the shape of the curve.** 
Evidence of the existence of types, in so far as character of energy 
output in industrial work is concerned, is found in Poppelreuter’s ex- 
periment with heavy work under conditions resembling closely those 
found in the industrial plant.** In this investigation the subject is re- 
quired to punch holes on a narrow roll of paper with a punching de- 
vice weighing 30 pounds (see Figure 56B). After each hole is punched 
the weight, raised by both hands, is lowered to its frame while the 
subject draws out the paper in preparation for the next punch. A 
graphic record is made of the time taken for each series of ten punches. 
In parts of the experiment work was carried on for an eight hour work 
day, the subject being paid at the usual rates for unskilled work. A 
correlation of 0.88 between the production during the first hour of 
work and production during two consecutive full days is cited in evi- 
dence of established individual tendencies toward quantity of produc- 
tion which reflect, in part, the fatiguability of the individual. Of par- 
ticular significance, in this connection, is the observation that the most 
significant characteristic of the individual adapted for heavy work is 
not the quantity of his production, but the fact that his work curve 
shows a consistent regularity of good output. 


From data kindly supplied by S. C. Yochelson, Yale University. 

The findings on fatigue types are critically reviewed in two recent articles by Skawran, 
who also reports valuable findings on the relationship between type of ergographic curve 
and body type as classified by Kretschmer. See P. Skawran, ‘'Die Typologie der Ergogramme 
und ihre Beziehung zu Energie-Typen und zu den Korperbautypen Kretschmers,” Psy* 
Choi. Z., (1931), 10-19, 49-63. 

Poppelreuter, “Tatigkeit und Ergebnisse der Forschungstelle fiir industrielle 
Schwerarbeit bei den Gelsenkirchener Bergkerks-aktien-Gesellschaft, Abt. Schalk,” 
PsychoL, Z., 1 (1926). pp. 126-131. 
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EFFECT OF FAUGXJE UPON INDUSTSIAL FEODUCTION 

Fatigue impairs man’s working power in the industrial plant in the 
same way as it interferes with &e activity of a single muscle in the 
laboratory situation. The situation is not, of course, altogether 
analogous.^® As Myers has pointed out, the industrial worker, unlike 
the ergographic experimenter, does not continually put forth his ut- 
most power. He differs further in the fact that he is not always using 
the same joint or the same muscle. The worker, unlike the subject on 
the finger ergograph, may vary his posture, change the poise of his 
muscle and even the muscles used for the same work, so that the 
previously used poise or set regains its freshness. Moreover, it is 
seldom, or ever, that he is required to contract his muscles against so 
heavy a weight that a relatively small number of lifts produces a com- 
plete, if only momentary, loss of the ability to continue the task. In 
addition, the worker regulates his output according to the length of 
the period during which he knows that he has to work. He knows bet- 
ter than to exhaust himself in a short period by using his maximum 
effort, as does the worker in an ergographic experiment. The condi- 
tions of laboratory experiment on fatigue differ in other ways from 
those of work-a-day life. “Muscular fatigue in the factory cannot be 
isolated, as in the laboratory, from such influences as skill and in- 
telligence which depend on the proper functioning of the higher levels 
of the central nervous system.” However, studies in the industrial 
plant show a typical drop in production toward the end of a working 
spell which, after careful allowance is made for all other factors, can 
only be ascribed to fatigue. The rate of production generally increases 
during the first few hours of the working day. Output begins to fall 
off after the third or fourth hour and declines more or less steadily 
so long as work is continued.*® There is a short period of increased 
production after the lunch hour, but this soon falls off again. Workers 
scarcely ever turn out as much work in the course of the post-luncheon 
period of work either in the day shift or on the night shift, as during 
the pre-luncheon spell of work. These changes in output are graphi- 
cally shown in a typical production curve reproduced in Figure 61. 

For many years it was believed that the shape of this work curve 
is determined by diurnal or daily 'rhythm of work. However, tests 
made by Hollingworth ®® upon 10 subjects for a period of 10 days, 
in connection with many different types of work, showed that the 
same sort of curve of efficiency is obtained when the work begins at 
10:30 A. M., as at 7:30 a. m., the curve as a whole being shifted some- 
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what ahead. Efficiency at any period of the day appears to depend not 
on an organic rhythm, but rather upon the number of hours spent at 
work immediately preceding the period of observation. 

TTie regular features of the daily work curve, as of other work 
curves, are due to the operation of general factors determining effi- 
ciency in all forms of work. Chief among these are practice and 



Figure 61. Typical Daily Production Curve 
{After Burtt) 


ttgue, which are mutually antagonistic forces. Practice has a tendency 
to increase production; fatigue tends to decrease it. The effect of 
practice in counter-balancing the influence of fatigue will vary in ac- 
cordance with the expertness of the worker on the task.®* The effect 
of fatigue will show itself earlier where there is little or no practice- 
gain. A significant practice-gain may for some time mask the effect 
of on-coming fatigue. In addition, incitement, settlement, and spurt 
help to determine the shape of the work curve. The relatively small 
output during approximately the first hour of work, when the worker 
has been least exposed to work, results, in part, from the fact that 
for at least a portion of that period the workman is not properly 
“warmed up” to his job. The process of “warming up” is technically 
known as incitement and is associated with a period of settlement, or 
neglect of distracting conditions. An analysis of the findings of a re- 
cent study by Skaggs ®® suggests that the warming up phenomenon is 
largely a matter of attitude, mental alertness, and attention expressed 
in the fact that it takes some time for the subject to become absorbed 
in his task and to disengage his mind from other matters. Incitement 
and settlement show themselves at the beginning of work and in co- 
operation with the practice-effect produce the steep rise which the 
work curve shows at this stage. This period of incre^ing production 
is followed by a period of maximum production which is itself sue- 
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ceede<l by a grsDduaUy decreasing rate of output as the effect of fatigue 
makes itself fdk. It is fair to assume that if lunch did not intervene, 
the decrease utould be progressive until the end of the day’s work. 
Lunch and the accompanying rest period serve not only to arrest the 
decrease in production but lead to a second period of incitement by 
virtue of which production rises to a somewhat higher level than that 
at which the worker leaves off before lunch. This continues for a short 
period, and is almost invariably followed by a marked and regular 
decrease in output reflecting gradually increasing fatigue. However, 
under certain conditions, as in repetitive, monotonous work,®* or as 
the result of extreme excitement in emotional states, production may 
be affected by temporary spurts, of which the most striking are the 
initial spurt, occurring when the subject starts fresh at his work, and 
the end spurt, as he realizes that the end of the working spell is ap- 
proaching. Certain of the specific conditions producing such spurts are 
discussed below, and more particularly on pages 536-47, Chapter XXIV. 

The effect of practice, incitement, settlement, and spurt also ap- 
pears in the weekly curve. These account, in part, for variations in 
daily production throughout the week noted by independent investi- 
gators. The play of these factors is evident, for example, in Richter’s ®^ 
study of output in a machine shop. When the average output for 
Wednesday is taken as 100 per cent, the average daily production for 
6 weeks, of 5 experienced workers engaged in cutting threads in brass 
parts, and of 4 experienced workers employed for 5 weeks in slitting 
the heads of brass screws, is as shown in Table 56. 

The lower production on Monday results from loss of skill during 
the week-end rest. Incitement and settlement extending over Monday 
and Tuesday lead to a high point in production on Wednesday. 
From this point production starts to fall,*® but on Saturday there is 
an increase, or “spurt,” reflecting an anticipation of the end of the 
week’s work which is sufficient to overcome the physiological fatigue, 
which is undoubtedly present.®* 

The curve illustrated in Figure 61, represents the general form of 
the daily production curve obtained when fatigue, or a diminution in 
the power to work resulting from work, is the predominating factor 
in determining rate of production. However, the curve of industrial 
output varies with the kind of work done.*'' When the work involves 

“See Chapter XXIH, pp. S21-27. 

**W. Richter, “Leistun^telgerungen in der Blankschraubenfabrikation durch Ein- 
fUhrung von Zwangspausen/’ Ind. Psychol., 8 (1931), p. 135. 

The lower production on Thursday, as compared with Friday, is explained by Richter 
as resulting possibly from the fact that workers were paid on Wednesday, and tended to 
obtain less rest on that than on other work days. 

as As suggested dsewhere, the occurrence of such an end spurt may be related to the 
presence of monotony, anticipated relief from which may account for a rise in the pro- 
duction curve when, if fatigue alone were involved, it could reasonably be expected to 
drop. See pages 521-27, Chapter XXIII. 

K. A. Tramm, Psychotechnik und Taylor System, Berlin, 1921, pp. 122-129. 
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merely strenuous muscular exertion, there may be noted a r^nd and 
early rise in the work curve to a maximum flowed by a fairly def- 
inite fall during the morning spell. After lunch there is a fair recovery, 
succeeded by a progressive, well-marked fall throughout the after- 
noon. When the work is characterized by skill and dexterity, there 
is a slower, more gradual rise to the maximum, followed by a less ob- 
vious fall during the morning, a less complete recovery after lunch- 


TABLE 50 

D<My Variation in Production 


SLITTING 
BRASS SCREWS 
96.3 
97.9 
100.6 

98.6 

99.6 
102.7 


Monday 

Tuesday 

Wednesday 

Thursday 

Friday 

Saturday 

(After Richter) 


CUTTING 

THREADS 

94.7 per cent 

96.5 per cent 
100.06 per cent 

97.9 per cent 

98.6 per cent 
104.5 per cent 


eon, and a much smaller drop at the close of the afternoon. In machine 
work, where the output is largely independent of the human factor, 
the curve of output may be expected to reach a maximum at about 
the third hour of the morning spell, then to fall slightly, and during 
the afternoon to maintain so high a level that the output may exceed, 
or at least equal, the morning’s output. When the factor of rhythmic 
action is added to skilled and strenuous movement, the afternoon’s 
output tends to remain high, and no fall may occur in the last hour of 
the day. In addition, the morning output will start at a low level and 
increase enormously during the hrst three hours of work, falling 
towards the end of the morning less than in purely muscular work, 
but more than in merely dexterous work.®* 

With the overt manifestation of fatigue in the form of decreased 
quantity of production is generally associated a reduced quality of 
output. The number of errors in t 5 q)e-setting, for example, was found 
to increase as output, following the typical fatigue curve, decreased.®® 
In the auditing department of a large railway company records wete 
made of the number of checks handled and number of mistakes on 
the part of 18 clerks who wrote approximately 115,00d checks in 
the period of the study.'*® The findings showed few mistakes during 

** C. S. Myers, Mind and Work, London, (1920), pp. 62-63. (See also C. S. Myers, Indus^ 
trial Psychology tn Great Britain, op. dt., pp. 70-71.) 

Musdo, ^^Lectures in Industrial Psychology,” London, (1920), pp. 69-70. 

£. G. Martin^ op. cU^ p. 3^. 
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the early part of the day. Numerous errors appeared at the fourth 
hour of work imd continued with comparative frequency from that 
time to the end of the working day. The incidence of error in after- 
noon hours avoraged 14 per cent greater than in the morning hours. 

PHYSIOLOGICAL CHANGES IN FATIGUE 

Results such as those cited above indicate clearly that diminished 
output, accompanied generally by lowered quality of work, represents 
an overt manifestation of fatigue. Industrial fatigue may be described, 
first and foremost, as “a diminution of working capacity caused by 
length or intensity of some activity in a ‘gainful’ occupation.” As 
a practical matter, one chief problem in industrial fatigue is that of 
reducing the extent of diminution in output resulting from work. 

Fatigue also presents itself in the form of changes in the physiologi- 
cal balance of the body.^^ Experiments with isolated muscles of lower 
animals and of man have led to the belief that the most important 
physiological factors in fatigue are: 

1. The reduction, in the muscle, oj the amount of energy producing 
material and 2. The accumulation of waste products in the muscle and 
blood stream. 

The energy producing material employed in muscular activity is a 
starch-like substance — glycogen, which is readily converted into sugar. 
This is the fuel which the muscle uses in its activity, in the same way 
as the locomotive employs coal. Also, in much the same way as the 
locomotive and the automobile, a supply of fuel is always carried in 
the muscle.^* Without it, the muscle is incapable of moving. The 
glycogen consumed in the course of muscular activity is replaced by 
sugar brought to the muscle by the blood, which obtains its supply 
from the liver, where sugar is stored, or from the intestines, where 
it is absorbed from food in the course of digestion. 

The activity of the muscle depends also upon the rate of forma- 
tion and of disposal of toxic substances which are formed in the course 
of work. The contraction of the muscle is associated with the con- 
version of sugar into lactic acid, a powerful re-agent, formed inside 
of the muscle fibres, which seriously interferes with the* continued 
activity of the muscle. Lactic acid is re-converted into glycogen, but 
this can only occur in the presence of oxygen. Oxygen, like sugar, is 
brought to the muscle by the blood, which absorbs it from the air 
through the walls of capillary tubes in the lungs. However, if activity 
is prolonged, as in the case of even very moderately sustained muscu- 

P. S. Florence, op. dt. 

J. Amar, Le Moieur Humain et ks bases sdentifigue du TravaU professionnel, Paris, 
1923, (rev. edition). 

^ A. V. Hill, Living Machinery, New York, (1927), p. 62. 
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lar activity, or where many muscles are employed at one time, oxygen 
cannot be supplied at a fast enough rate to convert the entire amount 
of lactic acid formed in the course of work. There is not an immediate 
interference with activity, because for a period of time the muscle 
can react without oxidation. The muscle, under such conditions, is 
said to go into “oxygen debt” of which breathlessness is a sign and 
from which the individual does not recover until some time after 
the bout of exercise or work. However, the accumulation of lactic acid 
within a short time produces local fatigue — evidenced overtly in re- 
stricted capacity for movement. 

The importance of the oxygen supply in delaying the onset of 
fatigue, through the conversion of lactic acid, has been illustrated in 
experiments involving muscular activity in the absence of oxygen and 
in the presence of various amounts of oxygen.*^ If two legs of an ani- 
mal are stimulated simultaneously the circulation of one of them 
being cut off, fatigue occurs much earlier in the muscles without the 
blood supply. This is further evidence that the onset of fatigue is 
affected appreciably by the efficiency of the blood supply. The rate of 
oxidation of the lactic acid appears to be the chief factor in this situa- 
tion, although the formation of another waste product, carbon di- 
oxide, in the process of converting lactic acid to glycogen, represents 
another physiological variable in this situation. 

Under many conditions of physical activity, in the case of man 
as well as in the lower animals, the formation of lactic acid quickly 
outstrips its re-conversion into sugar.*® The surplus is washed out by 
the blood and carried by it to ^1 parts of the body. This further 
handicaps the recovery of the active muscle by depleting its store 
of glycogen which, having left the muscle in the form of lactic acid, 
cannot be re-converted for service at that particular spot. In addition, 
the diffusion of lactic acid by the blood stream may affect muscles 
and nerves not actually engaged in work and supplement local muscu- 
lar by more general fatigue. It is because of this distribution of lactic 
acid that the individual engaged in a simple task involving the ac- 
tivity of only a few muscles may experience both a marked feeling 
of general bodily fatigue and an actual reduction in the efficiency of 
muscle groups not used on the job. The effectiveness of blood vitiated 
by fatigue products in producing fatigue is illustrated in the fact that 
the blood of a fatigued animal, intr^uced into the vascular system 
of another, produces overt manifestations of fatigue in the form of 
labored breathing, increased pulse rate, etc.*^ , 

^ Ibid., p. 60. 

*®R. J. S. McDowall, “The Physiology of Industrial Fatigue,” J. Ind, Hyg., 11 (1929), 
p. 13. 

E. G. Martin, op. cit., p. 347. 

A. Mosso, op. cit., p. 119. 
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ICUSCULAK, NEltVOUS, AND MENTAL EATIGUE 

The accumulation of lactic acid and depletion of glycogen in musde 
do not completely explain the diminished activity of muscle resulting 
from its use. '^here is reason to believe that the supply of glycogen 
in the musde is never completely consumed. This observation, com- 
bined with the muscular response to a direct electrical stimulation of 
dther its nerve or of the muscle itself, have suggested that the local 
musdes, by sdting up inhibitory stimuli originating in the musde 
spindles, bring about the inhibition of voluntary effort.*’* It is also pos- 
sible, that “in the course of prolonged exertion the contact between 
nerve cell and musde cell literally becomes fouled, supposedly by 
products of activity,” so that the muscle cells are shielded from 
further stimulation by nervous current. The change in chronaxia, or 
in the strength and duration of the stimulus necessary to produce 
muscular response, observed by Lapicque,**’ may be due to the pres- 
ence of such fatigue products at the motor nerve ending. There is 
also a possibility that the excessive use of junctions, or synapses, be- 
tween nerve cells in the spinal cord and brain may cause actual 
nervous fatigue resulting in impaired conductivity of the nervous 
elements. Through the accumulation of fatigue products, resulting 
from activity of the nerve cells themselves, impulses are blocked at 
the synapse or shunted to other pathways. Under such conditions the 
gradual elimination of higher nerve centers would account for the 
decrease of fatigue as work becomes progressivdy automatized. This 
change is apparent, for example, to all who have learned to drive an 
automobile. It is evident in the greater fatigue of workers while en- 
gaged in learning a repetitive job-— in establishing the pattern of move- 
ment, as con^>ared with that occurring among trained workers. It is 
also possible that fatigue products brought by the blood stream from 
muscles have the same effect as activity on the part of the nervous 
elements. In other words, muscular activity may produce nervous as 
well as muscular fatigue. 

The direct functional impairment of nerve cells located at the higher 
levels can account for “mental fatigue,” evident in work decrement 
and in the feeling of weariness experienced in purely “mental” opera- 

«• Ibid., p. 99. 

T. Hough, “ErgograpUc Studio of Neuro-ntusculsr Fatigue," Am. J. Physiol., 5 (1901), 
pp. 240-266. 

C. Reid, “The Mechanism of Voluntary Muscular Fatigue,” Quart. J. Exp. Physiol., 
19 (1928), p. 17 ff. 

C. S. Myers, “The Study of Fatigue,” Pers. J.. 3 (192S), p. 322. 

C. S. Myers, “Conceptions of Fatigue and Adaptation, Psych. Rev., 31 (1925), pp. 1-16. 

**H. M. Johnson, "The Real Meaning of Fatigue,” Harper's, 158 (1929), p. 187. 

L. Lapicque, “Introduction au test de fatigue muscuiaire bas6 sur la chronazie,” /»- 
sUtut Lttuntlongue, Notes H Mtmoires. Paris, 2 (1921). 

■> C. S. Sherrington, “Correlation of Reflexes and the Principle of the Common Path,” 
Proe. Brit, Assn. Adv. Sd., (1904), pp. 728-741. 
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tions such as silent reading, mental arithmetic, the solution of verbal 
intelligence problems, etc. However, ^^mental fatigue” or ^^brain fag” 
may ^so be the result of the actual contraction of vocal muscles, in 
the process of thinking, as suggested by Watson,®® or in other muscular 
activity in gesturing, in changes of facial expression, changes of body 
position, etc., associated with mental work.®* As a practical matter, 
in so far as fatigue-effect is concerned, there appears to be little dif- 
ference between so-called muscular and mental fatigue. “Just as too 
continuous work with hands or arms may lead to a temporary loss 
of control over these members, so, also, too continuous mental work 
may lead to a temporary loss of control over the muscles involved in 
that work. After too much walking, a person may be restless and un- 
able to quiet himself, and after too much thinking, one may be unable 
to relax the facial muscles.” ®® Regardless of the cause of fatigue and 
of the physical and physiological mechanisms involved, the chief prob- 
lem is that of so changing conditions of work as to decrease to the 
minimum its unfavorable effects. 


ADDITIONAL PHYSIOLOGICAL CHANGES IN FATIGUE 

The physiological accompaniments of fatigue are to be seen not 
only in increased lactic acid, but in other bodily changes. 

Respiration is the function which appears to be most visibly affected 
by continued work. The labored breathing of the runner who 
“Suffers his comrades to pursue their flight 
Until he hath relieved his panting chest.” ®® 
is the classic example of this change, which has been measured in 
connection with varied forms of activity by Hill ®^ and others. 

Work also produces changes in the blood, the cardiovascular and 
the alimentary systems, in the endocrine glands and the nervous sys- 
tem.®® Marked transformation in blood cells and chemistry,®® varia- 
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tions in pulse i^te and blood pressure, increased concentration of 
blood sugar in plasma and corpuscles in short strenuous exercise, fol- 
lowed by a dr<]^ in blood sugar in longer periods of work,*^ demon- 
strable changes in urine and body secretions,*^ have been observed in 
fatigue. 

llie character of such metabolic modifications in individual func- 



Figure 62 A. Rate of Oxygen Consumption Before, During and After Exer- 
cise. The period of exercise is marked by a thick horizontal line. 

(After Hill) 

tions is to be observed in Figure 62A showing changes in consump- 
tion of oxygen before, during, and after exercise, and in Figure 62 B, 
showing the average curves of pulse rate, pulse pressure, and pulse 
product (pressure x rate) of 22 workers in a plant manufacturing 
rubber shoes and garters. It can be seen that the average curve for 
pulse product tends to drop throughout the day, coincident with the 
appearance of fatigue, as revealed in a decrease in rate and quantity 
of production,®® and increased physiological cost of work. 

The combination of metabolic changes produced in the course of 

R. Dodge, “Mental Work, A Study in Psycho-dynamics,” Psych. Rev., 20 (1913), 
pp. 1-42. 

O. S. Lovekin, “The (Juantitative Measurement of Human Efficiency Under Factory 
Conditions,” J. Ind. Hyg., 12 (1930), pp. 99-4 20, 153-67. 

F. A. Moss, J. H, Roe, O. B. Hunter, L*. French, and T. Hunt, “The Measurement 
of Fatigue by Physiological Methods,” J. Exp. Psych., 14 (1931), pp. 423-438. 

V. Scott, “The Present Status of Our Knowledge of Fatigue Products,” V. S. Public 
Health Rep. Bulletin, 46$, (1918). 

P. Schenck and K. Craemer, “Dcr Einfiuss schwerer k6rperlicher Arbeit auf den Men- 
schilichen Stoffwechsel,” Arb. Physiol., 2 (1929), pp. 163-188. 

A. F« Koriakina and A. N. Krestownikoff, “uber die quantitativen Verhaltnisse von 
Milchsaure im Schweiss und von Eiweiss im Harn bei Muskelarbeit,” Arb. Physiol., 2 
(1930), pp. 421-426. 

A, F. Koriakina, E. B. Kossowskaja and A. N. Krestownikoff, “Uber die Schwankungen 
des Chloridgehaltes im Blut, Ham und Schweiss, bei Muskdtatigkeit,” Arb. Physiol.$ 
2 (1930), pp. 461-465. 

0. S. Lovekin, op. cit., p. 159, 
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muscular work has been investigated in a recent study by Moss and 
others.”* Ten university students, between the ages of IS and 35, 
spent 15 minutes riding a bicycle ergotneter. This is an ordinary bi- 
cyde electrically connected so that the amount of work performed in 



Figure 62 B. Diurnal Variations in Average Curves for Twenty-two Workers 
in One Factory Department 

Averages: systolic, 104; pulse rate, 86.9; diastolic, 70; pulse pressure, 34; 
ptdse product, 2, 941; standard deviation, ±382 

(A fter Lovekin) 

pedaling can be varied. This was kept constant for all subjects of the 
experiment. In the case of each, studies were made before and after 
exercise of blood pressure, pulse, carbon dioxide combining power, 
blood sugar, haemoglobin, blood counts, metabolism, and respiration, 
urine (chemical and microscopic), and electro-cardiograph records. 
The direction and amount of physiological change in each of these 
with fatigue are shown in Figure 63. 

** F. A. Moss, et al., op. cit. 
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The results b6ar out the theory that fatigue is in part a phenomenon 
of changed metabolic relations. They also indicate that these changes 
are not simple in character, limited, as was believed by early investi- 
gators, largely to an increase in lactic acid, but involve a very complex 
modification of many functions. Of these, in the case of man at work, 
changes in blood pressure and rate of pulse and in oxygen consump- 
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tion would seem to be the most significant from the viewpoint of de- 
veloping objective and simple methods of measuring energy expendi- 
ture in the factory. From the viewpoint of the physiology of fatigue, 
the efficient worker may, in the long run, be conceived as the one who 
attains a high production per unit of energy and succeeds in main- 
taining an organic equilibrium as exertion increases.*® The applica- 
tion of this principle assumes that increased expenditure of energy, 
revealed in metabolic changes, is symptomatic of fatigue. 


THE FEELING OF FATIGUE 

The sensation of weariness which appears with prolonged work 
represents another eiq>ression of fatigue. It is the subjective sign of 
deep seated physiological changes accompanied by decreased capacity 
for work. Unfortunately, the feeling of fatigue represents an amor- 
phous combination of diverse factors such as “dislike for a continua- 
tion of work,” “lassitude,” “weariness,” a “feeling of effort in direct- 
ing attention upon the task and its control,” “limp sensations,” 

O. S. Lovekin, op. cii., p. 167. 
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“laziness,” “changes in emotional attitude,” with perhaps a desire 
for rest or repose as the only common factor. Such subjective states 
may be associated with the passage of inhibitory nervous impulses 
from the muscle to the central nervous system. These not only make it 
more difficult for impulses to descend to that muscle to produce voli- 
tional response, but they awaken consciousness in the form of dis- 
comfort and of other characteristic subjective symptons of fatigue.”^ 

The feeling of fatigue normally plays a defensive rdle in prevent- 
ing exhaustion.*' This may account for the fact, observed by loteyko," 
that the feeling of fatigue increases more rapidly than the rate or 
intensity of work itself. In this respect the relationship is inverse to 
that for sensations in general, as expressed in Weber’s Law. In the 
case of such sensations, the intensity of conscious experience follows 
an arithmetic progression paralleling a geometric progression of the 
intensity of stimuli. The relationship between the strength of stimulus 
and the intensity of consciousness is reversed in the case of the feeling 
of fatigue. 

Although the feeling of fatigue plays a protective rdle in preventing 
exhaustion and generally increases in intensity more rapidly than the 
rate or amount of work, it does not serve as an index of the physiologi- 
cal state of the body or of its capacity for continued work. A short 
walk, involving actually little use of muscles, may produce a pro- 
nounced feeling of fatigue to an individual who may dance all night 
without complaint.'^® Another may be on the verge of complete exhaus- 
tion, as a result of overwork, without feeling fatigued.''^ Laboratory 
investigations have shown that a given task may be done as rapidl^ 
and as accurately when the subject reports a feeling of fatigue is 
when consciousness of fatigue is altogether absent.^® Particularly in 
mental work, the feeling of fatigue may be experienced when objective 
measures of production show progressive increase in the amount of 
work. 

This is well illustrated in an exf^riment reported by Poffenberger ” 
in which 12 subjects worked continuously for approximately Si hours 
at inserting words into sentences in order to complete the meaning. 
The work was divided into 15 equal units with a rest pause between 
the 14th and 15th units. At the beginning of the experiment, and at 
the end of each unit of work, each subject indicated tite quality of his 
feeling on a scale of 7 degrees ranging from “Extremely Good” to “Ex- 
tremely Tired.” In Figure 64 are shown the average output curve and 

C. S. Yoakum, “An Experimental Study of Fatigue,” Psych, Monoirfiph, 46 (1909), 
p. 113. 

C. S. Myers, Study of Fatigue, op. cit., p. 322. 

®* V. Dhers, Les Test de Fatigue, Paris, (1924), p. 10. 

®® J. loteyko. op. dt., p. 160. 

T. H. Pear, Fitness for Work, London, (1928), p. 84. 

Ibid,, p, 134. 

V. Dhers, op, cit,, p. 12. 

»»A. T. Poffenberger, Applied Psychology, New York, (1927), pp. 134*135. 
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the average feeing curve for all subjects. It is clearly evident that 
in spite of a gradual drop in the feeling curve from good to tired the 
output curve r^anains fairly constant throughout the entire period of 
work. Observations made in the course of the experiment show increas- 
ing feelings of weariness, irritability, restlessness, outbreaks of pro- 
fanity, and threats on the part of the subject to discontinue work. In 
spite of these subjective feelings and of the expressions of fatigue, the 



Figure 64 
(A fter Poffenberger) 


influence of the group, combined with a high rate of pay for the work, 
served to keep production fairly constant. In other instances, as Rivers 
has shown, there may be a total absence of the feeling of fatigue al- 
though, objectively, there appears a reduction in the quantity and 
quality of work.*^^ 

The mercurial qualities of the feeling of fatigue are illustrated in 
the modified shape of the production curve and in the attitudes of 
different individuals in monotony producing work. This is to be dis- 
cussed in Chapter XXIII. They are further evident in the fluctuations 
of conscious state under excitement, in such pathological conditions as 
hysteria and hypnosis (when heavy work can be done with little or no 
feeling of fatigue). In addition to suffering from these disadvantages as 
an index of the effect of work upon bodily economy, the feeling of fatigue, 
because of its subjective character, cannot be measured with any degree 
of accuracy. For these diverse reasons, it is not difficult to agree with 
investigators in this field in their unwillingness to accept the feeling 
of fatigue as a valid basis for judging the effect of work upon the ef- 
ficiency and adjustment of the individual in the industrial and other 
situations. 


H. Rivers, Influence of Alcohol and Other Drugs on Fatigue, London, (1908), 
pp. 136, “On Mental Fatigue and Recovery,” /. Sci,f 42 (1896), pp. 52S-S29. 
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NECESSARY AND UNNECESSARY INDUSTRIAL FATIGUE 

The purpose of fatigue study in industry is to reduce the infl i mnn* 
of fatigue in decreasing production, in wearing down the organism, and 
in producing unpleasant feeling tones. The problem of fatigue reduc- 
tion involves a distinction between necessary and unnecessary fa- 
tigue.‘'° All work involves fatigue. In the movement of the smallest 
muscle in the body glycogen is consumed, lactic acid and other fatigue 
products are created and the capacity of that muscle to work is neces- 
sarily decreased. It is therefore impossible to speak of the total elimi- 
nation of fatigue in industry. The very act of performing the duties of 
the job induces fatigue or decreased capacity for work. A small amount 
of fatigue products, it is true, may actually be of advantage in stimu- 
lating activity, in the same way as small concentrations of alcohol and 
narcotic agents may improve performance.'^* However, this improve- 
ment is in itself an indication of bodily impairment, inasmuch as fa- 
tigue products are being created and bodily fuels diminished at a rate 
which progressively unfits the individual for further production. Al- 
though a short period of work may be beneficial for bodily economy, 
longer periods in any task result in an accumulation of fatigue 
products. Unless they are removed by rest, and fuel created by a 
proper supply of food, fatigue may become chronic, leading possibly 
to a complete exhaustion ordinarily observed in so-called “physical” 
and “nervous breakdowns.” 

The fatigue which follows from the very fact that groups of muscles 
and nerves are used in certain pattern in a given job is known as neces- 
sary fatigue. Necessary fatigue cannot be totally eliminated, but even 
the amount of such fatigue can be reduced. If the best methods of 
work are used and the most suitable worker has been chosen for the 
job, the amount of necessary fatigue — ^measured in terms of energy 
expenditure — induced by the work may be described as normal for 
that work. However, necessary fatigue becomes abnormal, from the 
viewpoint of the worker engaged in the task, if that worker is not 
adapted for the task or if changes in health or other conditions inter- 
vene to produce modifications in physical economy. The most im- 
portant factor in the reduction of the necessary fatigue involved in a 
job is the selection of men physically competent to perform the duties 
of the job. The job of shovelling coal, for example, requires a greater 
degree of physical force, of energy, than does the job of watchman 
at a country crossroad on a railroad. To select a matr who rates 
low in energy for the job of shovelling coal is to increase the fatigue 
which necessarily ensues from the performance of the muscular move- 
ments involved in shovelling the coal. 'Workers A and B may perform 
the same series of muscular movements, involving the same discharge 

” F. B. and L. M. Gilbreth, Fatigue Study, New York, (1916), pp. 13-14. 

H. M. Johnson, op, cit., p. 189. 
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of energy in terms of kilogram-meters, but because worker B possesses 
less energy — ^less capacity for continued muscular movement — than 
worker A, fatigpe sets in much more rapidly and is much more serious 
in its consequences. 

Unnecessary fatigue is decreased capacity for work induced not by 
the nature of the work, or the nature of the individual doing the work, 
but by unfavorable working methods or conditions of work. These 
bring about usdess discharge of energy and, therefore, an unnecessary 
decrease in the capacity for work. Unnecessary fatigue, to be discussed 
in greater detail in the next chapter, can be totally eliminated. It in- 
volves an elimination of those working conditions and methods of work 
which result in an unnecessary discharge of energy, and the substitu- 
tion of conditions of work which will do away with such an imneces- 
sary discharge of energy. 

THE MEASUREMENT OF INDUSTRIAL FATIGUE 

The reduction of industrial fatigue involves its measurement. Neces- 
sary fatigue cannot be decreased unless it is possible to measure the 
fatiguability of the worker. Likewise, the effect of changed methods 
and conditions of work in reducing unnecessary fatigue can only be de- 
termined if there is available an adequate measure or test of fatigue. 

Experimental work has been carried on with many types of fatigue 
tests — physical, chemical, physiological, psycho-physical, mental, and 
production.’’'' The distinction among these are in some cases arbitrary 
but, in general, the classification appears to be useful in describing the 
diverse approaches in the measurement of fatigue. 

Among physical tests are those measuring the momentary energy 
output of Ae individual, such as the hand dynamometer, the mercury 
dynamometer, the water dynamometer,^® the Martin spring balance for 
registering the force exerted by six different sets of large body 
muscles,''* etc. Others, such as the finger ergograph, originally em- 
ployed by Mosso,®* energographs, recommended by Moede and by 
Giese,®' give records of energy output of small muscle groups over a 
set period of time or until the point of exhaustion is reached. 

Chemical tests include numerous devices and techniques for the 
analysis of the blood; of bodily excretions — particularly of urine®* — 
of saliva,®® to note changes occurring in the course of work. 

For a detailed and critical discussion of fatigue tests see V. Dhers, Les Tests de Fatigue, 
Paris, (1924), 185 pages; E. Atzler, Kdrper und Arbeit, Leipzig, (1927), 770 pages. 

M. Lahy et D. Weinberg, “Variations Inter et Intraindividuelles dans le test du 
Dynaxnographe,” Via Conferhncia Intemacional de Psicotecnica, Barcelona, (1930), pp. 
242-247. 

T®R. A. Spaeth, “Reduction of Unnecessary Fatigue,” Ind, Management, (Jan.-May, 
1920) ; E. G. Martin, “Tests of Muscular Efficiency,” Psych. Rev., 1 (1921), pp. 454 fE. 
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Among physiological tests of fatigue may be noted the measurement 
of rate and amount of oxygen intake,®^ the examination of pulse rate, 
blood pressure,®® vascular skin reaction tests, tests of muscular tonus 
and of reflex activity.®® 

Rate of tapping, accuracy of tapping and dotting, aiming tests, 
steadiness tests, the measurement of co-ordination by means of the 
pursuitmeter, tests of oscillation and random muscular movement 
(restlessness), have been employed to measure psychophysical changes 
occurring in both short and long periods of work both in the laboratory 
and in the industrial situations. 

Mental tests of fatigue, occurring in both muscular and intellectual 
work, have included simple tests of sensory discrimination, attention 
tests, measures of memory, imagination, and of the higher mental 
processes such as intellectual judgment and reasoning. 

It is impossible, in the scope of this volume, to include either a de- 
scription of measures of fatigue or a detailed discussion of the ad- 
vantages and disadvantages of each. Such a discussion is particularly 
unnecessary because of the wide variance of opinion among investi- 
gators on the suitability and validity of specific tests. Practical difficul- 
ties in administration, especially in the industrial situation, interfere 
with the serviceability of some tests, such as the rate of oxygen 
intake and amount of carbon dioxide discharge, employed by. Imbert ®^ 
and by Hill ®® (Plate VII), which appear satisfactory on many other 
grounds.®® Other tests, which can be administered with ease, such as 
the hand dynamometer,®® the Piorkowski fatigue-attention meter, give 
far from consistent and valid results in measuring fatigue and predict- 
ing fatiguability.®^ 

Physiological and psychological tests of fatigue, in addition to being 
subject to numerous errors, are influenced by the attitude and will of 
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the individual to whom they are applied.*^ The problem of devishig 
such measures is complicated by the subjectiveness of the feeling of 
fatigue and by the marked fluctuations in relationship among subjec- 
tive state, physiological changes and actual production under different 
conditions. A better knowledge of the exact relationship and of the 
factors which influence them is needed before it can be definitely stated 
that fatigue is the sole variable which is being measured at a given 
time, under given conditions. In the present state of our knowledge in 
this field it seems sound to accept, as a working principle, die con- 
clusion drawn by Dhers ** that, at the present time, fatigue can neither 
be scientifically isolated nor measured. At the moment, conclusions 
formulated on the basis of tests as to the degree of fatigue exhibited in 
specific work represent indirect deductions rather than objective 
demonstrations; rationalization rather than scientific truth. In test- 
ing fatigue we still tend “to measure that of which we have only an 
inadequate knowledge (fatigue) by procedures which are not alto- 
gether valid (tests of fatigue).” 

At the same time, as Dhers also points out,®® the situation is not 
altogether hopeless. In the first place, general experiments in the field 
of fatigue and studies of fatigue tests have thrown light on guiding 
principles which have a theoretical and practical significance. Ergo- 
graphic studies by Mosso ®^ and investigations by Graf,*® Amberg,®® 
Hylan and Kraepelin,*®® Heuman^®* and others have established the 
recuperative value of rest pauses. Early laboratory studies of “work 
curves” by Kraepelin ‘®® are forerunners of more recent investigations 
of industrial production curves. The general uniformity of the human 
work curve, in spite of complicating factors, favors similar fundamental 
interpretation of this phenomenon. 

The production curve has generally been accepted as the most satis- 
factory test of fatigue in determining the effect of methods and con- 
ditions of work upon the capacity to work. There is a general recogni- 
tion of the inadequacy of this criterion. It is admitted, as Freeman and 

F. S. Lee and J. D. Vanbuskirk, “An Examination of Certain Proposed Tests of Fa- 
tigue,” Am. J. Physiol., 58 (1923), p. 185 ff. 

»*V. Dkers, “Etude Critique des Tests de Fatigue,” Rev. de la Sci. du Trav., 2 (1930), 

p. 60. 

•* Ibid., p. 62. 

»• Ibid., p. 63. 

•• Ibid., p. 65. 
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»* O. Graf, “t)ber Idhnendste Arbeitspausen bei gebtiger Arbeit,” Psych. Arb., Vol. VII, 
No. 4, p. 548 
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Lindley have indicated, that possibly the only justification of this 
procedure is its convenience. It is also true that use of the production 
curve introduces difficulties of interpretation, inasmuch, as in the case 
of the mental and physiological tests, the change in the shape of the 
curve may be due to factors other than fatigue. Recognition of this fact 
has led Muscio to recommend that the concept of fatigue be en- 
tirely eliminated from the scientific discussion of industrial work. This 
would still make it possible to use production curves in studying the 
effects upon human efficiency of specific factors in a diversity of in- 
dustries and of varied factors in single industries. Changes in the 
curve, with associated changes in physiological and perhaps even 
mental functions, would be explained entirely in terms of the varied 
conditions of production, without reference to the concept of fatigue. 
The emphasis would be upon the condition producing the change; 
upon the physiological functions affected; and upon the change in 
production resulting from the play of diverse working conditions such 
as hours of work, rest pauses, etc. 

However, investigators have been loath to drop the concept of fa- 
tigue. The tendency in industrial psychology, as in other fields of psy- 
chology, is to use it in explaining the effect of changes in methods and 
conditions of work. This tendency is reinforced by the acknowledged 
existence of the subjective state of mind which, in spite of difficulties 
experienced in its measurement, is very real to the one who experi- 
ences it and is easily differentiated by him from other mental states. 
In view of these facts, the concept of fatigue will be retained in the 
chapter which follows on the effects of methods and conditions of work. 
However, the consideration of the material in this chapter must be 
tempered by a knowledge of the intangible character of fatigue and 
of limitations of techniques used in its measurement. 

G. L. Freeman and S. B. Lindley, “Two Neuro-Muscular Indices of Mental Fatigue,” 
J. Exp. Psych., 14 (1931), pp. S68-S69. 

Muscio, “Is a Fatigue Test Possible?” Brit. J. Psych,, 12 (1921), pp. 31 ff. 



XXII • THE ELIMINATION OF UNNECES- 
SARY FATIGUE 


The discussion of fatigue in the preceding chapter has pointed to 
the possibility of eliminating unnecessary fatigue in industry. This in- 
volves a careful examination of conditions and methods of work for 
the discovery of those which bring about a useless expenditure of 
energy. 

Contributions toward the elimination of unnecessary fatigue have 
come from three distinct sources. 

1. The work of the efficiency engineer, 2. The study of metabolic 
changes in fatigue by the physiologist, 3. The psychological analysis 
of work curves and of feelings of fatigue. 

The studies described below will indicate the specific contributions 
from each of these three fields in increasing efficiency through the 
elimination of unnecessary fatigue. In the consideration of these 
studies, as well as in evaluating the contribution from each of the 
three sources referred to above, the varying connotations of the term 
“efficiency” must be kept in mind. As ordinarily used this term is made 
S3monymous with production — efficiency being gauged by changes in 
quantity and, in some instances, quality of output. Efficiency in this 
sense is strictly an economic concept, and bears no relation to the physio- 
logical and psychological costs to the individual responsible for produc- 
tion. Considered in this light, any method or condition of work which 
brings about the greatest increase in rate of production or in total pro- 
duction, in a given time, may be described as the most efficient method or 
condition of work. 

In contrast with this viewpoint, is the use of the term “efficient” to 
describe that method or condition of work which favors production at 
the least physiological cost to the worker and reduces to the minimum 
the feelings of fatigue and dissatisfaction experienced by the worker 
at his task. Viewed in this way, one measure of efficiency is the rela- 
tionship between the energy input and output, that is, the proportion 
of the energy that is usefully emended. Another criterion, as Thorn- 
dike ^ has suggested, is the “satisfyingness” of the task of the worker 
—the degree of satisfaction derived from the .task apart from wages,— 
measured by the tendency of the individual to relax or abandon the 

* E. L. Tliorndike, “The Curve of Work and the Curve of Satisfyingness,” J. App. Psych., 
1 (1917), p. 266. 
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action in question in spite of the fact that the work can be maintained 
at a constant level of production. 

In the andysis of conditions of work the chief interest of industrial 
psychology is to increase human efficiency by decreasing the physio- 
logical and psychological cost of work. It is believed that this represents, 
in the final analysis, the only certain method of permanently increasing 
economic efficiency, but there is a willingness to sacrifice economic values 
when th^ clearly conflict with human values.® It is this* whidb most 
clearly distinguishes industrial psychology from scientific management, 
even where the methods and techniques of the latter have been adopted. 
There is a pronoxmced objection to the use of these methods to “in- 
crease output at any cost,” ® and an insistence diat the physicsd and 
psychological criteria of maximum health and maximum satisfaction of 
the worker — the standard of individual fitness — ^be employed, along- 
side of output, as a distinct criterion in measuring the effectiveness of 
any change in conditions of work. Oriented from this viewpoint, as 
Foffenberger has pointed out, “the ideal of human efficiency would be 
the production of maximum output of the highest quality, in the short- 
est time, with the least expenditure of energy and with the maximum 
satisfaction." * This viewpoint must be considered in evaluating the 
data which follows. 

1. THE INFLUENCE OF HOURS OF WORK 

In the course of the last 30 years American industry has shifted 
from a working day of 10 hours or more, maintained for 6 full days 
per week, to a standard day of approximately 8 hours with a half day 
off on Saturday.® This change reflects somewhat the influence of a 
militant advocacy of a shorter working day by those who feared the 
debilitating effects of excessive hours upon the health and welfare of 
the American worker.® The acceptance of the shorter working day was 
facilitated by the demonstration, in the early experiments of Taylor,’^ 
the Gilbreths,® and others,® that the shorter working day does not lead 
to decreased production. 

There is practically universal agreement among independent experi- 
menters that average hourly output tends to vary with the length 
of the working day. This is particularly noticeable when the standard 
10 hour day of early years is compared with the standard 8 hour day 

of the present era. So, for example, a survey of two plants engaged in 

/ 
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manufacturing the same products showed the average hourly output 
for the 8 hour day to be 94 per cent of the maximum, and that of the 
10 hour day 90.3 per cent.^® The difference in average hourly ou^ut 
results from a tendency for production during any one period of a 
spell of work to be controlled by the length of the spell of work or by 
the total amount of work that remains to be done. This tenden(^ 
must not be confused with conscious restriction of output. It appears 
rather to be % non-conscious, in the sense of non-volitional, adaptation 
of the organism to conditions of work. The tendency to adjust the 
amount of work to the expected task is well illustrated in a laboratory 
investigation by Poffenberger *’ who found that, when an individual 
is instructed to squeeze a hand dynamometer, the effort exerted on 
each contraction will depend upon the number of contractions which 
the subject expects to make. In the case of 7 subjects, the average 
pressure exerted when one contraction was required was found to be 
68 kilograms; whereas the pressure for 15 contractions was only 52 
kilograms. In both cases the subjects were requested to exert as much 
pressure as possible. 

In another experiment, by Morgan,^® the lifting time required for 
raising weights varying from approximately 4 to 13 pounds, was found 
to remain constant in spite of changes in the weight of the load. This find- 
ing suggested that the effect exerted was so adjusted to the size of the 
load as to keep the lifting time constant. This appeared particularly 
when the weight of the load was unexpectedly changed. Under these 
conditions the subject either failed to lift the heavier weight, or ap- 
plpng a great deal of force to a weight which was supposedly heavy, 
succeeded in lifting it with great ease in very little time. Such experi- 
ments suggest that the worW adopts a pace which is “congenial” 
by dispensing within each short period an amount of energy propor- 
tional to the length of time spent at work and to the total amount of 
work to be done during the day. 

The worker not only adapts himself to the length of the working 
day but also to the length of the working week. A reduction in num- 
ber of hours, up to a certain point, is associated with an increase in 
the average hourly output throughout the entire week. In a munition 
plant a reduction of working hours from 58.2 to 50.6 was followed 
by an increase in hourly output of'39 per cent. Total output was in- 
creased by 2 1 per cent. In another instance, in the case of women en- 
gaged on the moderately heavy work of turning fuse bodies, an in- 
crease of hourly output of 68 per cent and a 15 p)er cent increase of 
total production followed from a reduction in the number of hours 


^oPitbUc Health BtOUtht, No. 106, U. S. PubUc Health Service. 
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from 66 to 48.6 per week.^* It is interesting to note that in these 
plants, as in other instances where changes in hours have been made, 
the beneficial effect of the reduced hours does not appear in full until 
some months after the change has been made. As Myers has pointed 
out, “the human organism, after becoming adapted to certain hours of 
work, requires time, when that adaptation is disturbed, before it can 



Figure 65 . Rate of Adaptation to Changes in Work Schedule 
Output of Women Turning Fuse Boxes 

{After Vernon) 


give its maximal response to improved conditions.” This holds 
true not only in connection with changed hours of work but, as will 
appear in later pages, also with respect to rest pauses and other changes 
in conditions of work. 

The delay in improvement is well illustrated in an investigation 
of lathe operation (turning fuse bodies) extending over a period of 
93 weeks, the findings of which are shown in Figure 65. The top 
section of the figure shows the number of hours of work and changes 
in hours of work. The lower curve shows the average hourly produc- 
tion. It is evident that the change in average hourly output, following 

>«C. S. Myers, Mind and Work, London, (1920), pp. 73-76. 

“/6W,p. 77. 

H, M. Vernon, “The Speed of Adaptation of Output to Altered Hours of Work,” Ind. 
Pat. Res. Bd. Rep. No. 6, (1920), pp. S3. 
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a decrease in number of working hours, does not appear until ap> 
proximately one month after the change is made. In addition, when 
the change does occur, it represents not a marked increase, but a 
gradual improvement in output extending over a period of months. 

Although hourly production tends to increase with reduced hours 
of work there is apparently a point of diminishing returns from con- 
tinued reduction of hours. A study by Wyatt,* ^ in the cotton weaving 
industry, showed that when the working period of a large group of 
weavers was reduced from Si to 4 days, the average hourly output 
fell off 6 per cent. In the case of 24 laborers and of a group of men 
engaged in “heel building,” or nailing together suitably shaped pieces 
of leather by means of machines, studied by Vernon and Bedford,*^ 
it was found that the speed of production reached a maximum at ap- 
proximately 40 hours a week but decreased with the increase in the 
length of ^e working week beyond that point. 

A later investigation in a plant manufacturing boxes, by Miles and 
Angles,*® reveals similar tendencies. The exact relationships are shown 
in Table 57. These authors reached the conclusion that the observed 
relation between rate of production and the hours a week, is influenced 
by four factors: (a) the dislocation of habitual working pace; (b) the 
general mental attitude towards continuous short-time (c) incentives 
arising out of the system of payment; and (d) influence of factory 
discipline and routine. 


TABLE 57 


Relation Between Weekly Hours of Work and Speed of Production 


HOUSS WOSKED 

NUMBES OF 

WEEKLY OUTPUT AND 

HOURLY 

FEE WEEK 

WEEKS WORKED 

PROBABLE ERROR 

OUTPUT 

36 

27 

29,926 ± 51.2 

834 

40 

61 

34,737 db 42.7 
36,920 ± 89.7 

868 

44 

31 

839 

48 

5 

38,100 ± 16.6 

793.5 


(After Miles and Angles) 


Decrease in rate of production with the increase of working hours 
beyond 40 is explained in terms of- fatigue. The decrease in the rate 
of output with the shorter time is explained by investigators as a 
result of loss of skill entailed by an extended rest from work. There 
is likewise an increase in the time required for “warming up” at the 
beginn in g of the next period of work. Voluntary restriction of output 
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in the case of short-time work is jdso suggested as a possible infiurace. 

In view of these facts, shortened time as a means of combating 
unemployment may prove to be, from the viewpoint of the individual 
plant, an uneconomical remedy.^** From the standpoint of plant ef- 
ficiency, it is probably more economical to keep half the force engaged 
for the normal hours of work throughout the week than to retain all 
workers on half time basis. The loss of skill and the prolonged period 
of incitement and settlement associated with the longer interval of 
rest tend to diminish the hourly rate of production during the periods 
when the worker is engaged at work. In addition, in the shortened 
work week there appears an incentive for restriction of output, as a 
means of prolonging the work and of providing opportunities for em- 
plo}anent of other workers, which is absent when the employee is 
engaged throughout the entire week. However, in the individual plant 
the significance of this observation must be balanced against the 
broader social values to be achieved through the continued employ- 
ment on a short-time basis of a larger working force. 

This analysis of the relation between hours of work and production 
suggests the need of a more careful study of the optimal lengUi of the 
working day and working week. As Lee has indicated, “operations 
differ greatly, and one is treading on dangerous ground if he attempts 
to predict an optimal working ^y without an analysis of the work 
itself.” Lipmann has used the term economic optimal work day 
to describe that well defined period of time, differing with respect to 
different work and different workers, in which the capacity for produc- 
tion is so maintained that the value of goods produced is maximum for 
the cost of wages, current, light, heat, and overhead expenses. He has 
developed formulae for calculating the length of this day under dif- 
ferent conditions. 

Applying these formulae, Lipmann has computed the economic opti- 
mal working day in 234 cases representing diverse industries in 18 
countries, in which he had complete data concerning changes in work- 
ing hours and production. He has chosen only cases in which the dif- 
ference between the time periods is only in length of working days, 
and in which the production was not estimated but exactly measured. 
Moreover, in the cases shown, the hourly production in the shorter 
working day was in every instance higher ^an that in the longer work- 
ing day. The findings showed that in 46 cases the optimal working 
day is longer than the longer of the two working periods; in 39 cases 
it is between the two; and in 147 cases it is shorter than the shorter 
of the two working days. The middle 50 per cent of optimal working 
days was found to be between 6^ and 10 hours; the middle 50 per 
cent of optimal working weeks between 33 and 48 hours. 
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The (^timuBi working day was found to differ in different industries. 
For example, it lies between 5.8 and 6.1 in the glass and procelain in- 
dustry with a median of 5.9 hours; between 7.2 and 7.7 with a median 
of 7.4 in the tool-making industry; between 10.5 and 13.6 with a 
median of 11.9 in the textile industry, etc. 

A comparison of workers in the same field also showed that the 
optimal time is longest for workers between 30 and 35 years of age, 
and shortest for those between 20 and 25 years of age. The economic 
optimal working day is higher in most cases for the most capable 
workers. In other words, productive capacity is to be identified with 
lower fatiguability. The optimum working days for different workers 
in the same field range, for example, between 8.5 and 18.5, 8.9 and 
17.3, 5.8 and 13.2; etc. 

Lipmann suggests that there can be no single length of working 
day optimal for all industries, all departments of a plant, all workers, 
or all countries, and questions the position of the exponents of a uni- 
versal eight hour or shorter working day. He concludes that although 
the eight hour or shorter working day may be desirable on cultural 
and other grounds, it is far from adequate in satisfying the economic 
needs and in maintaining the optimum physiological balance of the 
worker in many industries. 

The validity of the formulae employed by Lipmann is in need of 
more extended empirical verification. The problem is tremendously 
complicated by the inadequacy of our knowledge concerning the most 
desirable limits of physiological cost; the use of leisure time by 
workers; relation between length of working period and the “satisfy- 
ingness” of work; practical difficulties in the administration of work- 
ing periods of varying length in the same plant; etc. However, the 
approach is suggestive, particularly in its emphasis on the importance 
of considering the specific conditions existing within a single plant 
and affecting the individual workers. In this respect it reflects the 
concern for individual adjustment which is the chief characteristic of 
sound psychological investigations in industry. 

2. THE INFLUENCE OF REST PAUSES 

Production and fatigue are influenced not only by hours of work 
but by the opportunity provided for rest in the course of work. The 
findings of early laboratory investigations with ergograph and with 
curves of manual and mental work agree with those of early plant 
studies by efficiency engineers in the demonstration that, in general, 
“more output can be achieved by applying oneself steadily for short 
periods, and then resting, than by applying oneself less steadily and 
having no rest periods.” Rest pauses have been almost universally 


» F. B. and L. M. GilbreUi, op. at., p. 4Q. 
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accepted by industry as an aid in increasing production and in reduc- 
ing fatigue. 

The authorized rest pause does not constitute a complete change 
from ordinary methods of working, inasmuch as even under ordinary 
conditions workers accommodate Uiemselves to “the law of maximum 
production with minimum effort,” ** and manage to find ways of steal- 
ing rests in case authorized rests are not allowed. As a matter of 
fact, unauthorized rests may be taken in accordance with a regular 
schedule established by the workers themselves, as appears in the 
plant referred to by Hersey in which 5 men, working on finishing 
machines, made a practice of leaving the machines one by one every 
morning after working about two to two and one-half hours, and from 
3:15 to 3:45 in the afternoons, to spend 15 or 20 minutes in the only 
rest room available, the toilet. Vernon has shown that men and women 
engaged in active work in a munition plant may spend 7 to 8 minutes 
each hour in voluntary rests, while women engaged in passively watch- 
ing machines may spend 3.7 minutes each hour at rest. The same 
investigator found that men working in the manufacture of tin plate 
averaged 10.2 minutes in voluntary rest on 6 hour shifts and 12.5 
minutes per hour when working on 8 hour shifts.®'^ Men employed in 
moderately heavy work such as agriculture and road making, paid on 
a time basis, spend approximately 11 minutes of each houj: at rest. 
In heavier work such as loading pitch, the proportion of voluntary rest 
to work was found to be much greater. Similar tendencies appear in 
the case of piece rate workers, although they are not as marked.®* 

Other instances of unauthorized rest pauses are cited both by these 
authors and by other investigators in this field. There is a general 
agreement that, in many instances, the authorized rest period is in 
fact only a substitute for unauthorized rest and actually takes no 
more time out of the day’s work. At the same time, the authorized 
rest, placed at the most effective points of the working day, almost 
invariably produces increased production. It serves better than the 
voluntary rest the purpose of providing the worker the relaxation 
which he needs, at the time he needs it, to recover from the effects of 
continued work. It better accomplishes this purpose, in part, because 
the worker can lie down, or relax in other ways, free from the strain 
associated with the fear of censure if discovered by the foreman or 
supervisor away from his bench or machine. 

The effectiveness of the scheduled rest pause in increasing produc- 
tion has been illustrated in numerous investigations. Characteristic 
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of these is the study by Vernon and Bedford of 17 guls employed 
in labelling. A comparison of average hourly output during 20 weeks 
subsequent to the introduction of a 10 minute rest pause in the middle 
of the mornii^ with a 20 week period without rest pauses showed a 
20 per cent iiv:rease in hourly average production, in spite of a 2 per 
cent decrease in working time following the introduction of the rest 
pause. Another investigation by the same authors, involving 7 girls 
engaged in assembling bicycle chains who were observed for 60 weeks, 
showed an inaease of 13 per cent in average hourly output subsequent 
to the introduction of a five minute rest period per hour.*** Increases 
in output from 3.6 to 24.0 per cent are reported by Efimoff and Ziba- 
kowa to have followed the introduction of 5 minutes of rest follow- 
ing every 50 minutes of work in a metal plant. In Russian textile and 
candy plants, according to Ermanski,*' increases in production up to 
25 per cent resulted from breaking up work by 5 minute pauses at 
the end of every hour of work and of 15 minutes at the end of one 
and one-quarter hours. Frois and Caubet refer to equally satisfactory 
results in filling bombs in munition plants, when 2 minutes of rest 
were allowed after every 3 minutes of work.®* 

In the introduction of rest pauses, as in changing the hours of work, 
a period of time is required for the readjustment of the organism to 
the new working conditions. The pace established for the uninterrupted 
working day continues for sometime after the rest pauses have been 
introduced and the day has been shortened. It is also gradually that 
the psycho-physiological mechanism takes on increased speed and ex- 
erts greater effort in adjustment to the interruptions in work, as to 
decreased hours, in order to maintain a total production and an ex- 
penditure that is constant for the working situation. This fact is of 
particular significance to industrial managers and others who may 
feel discouraged because of the failure of a change in conditions to 
produce immediately an increase in hourly average output. 

Confirmatory evidence on the value of rest pauses in increasing 
production is found in a recent study ** conducted at the Hawthorne 
Works of the Western Electric Company which extended over a period 
of more than 2 years. Constant observations under different experi- 
mental conditions were made on a group of 5 women engaged in the 
repetitive work of assembling telephone relays. This consists of putting 

H. M. Vernon and T. Bedford, “The Influence of Rest Pauses on Light Industrial 
Work, Ind. Fat. Res. Brd. Rep. No. 25, (1924), pp. 1-20. 

*0 In this investigation, as in others, it is not altogether clear whether the improvement 
is due to the opportunity accorded by the rest period for recovering from fatigue, or whether 
it is due to other factors discussed in the chapters on monotony. However, with the pro- 
duction curve as a criterion, it ^ perhaps be assumed that the improvement is at least 
in part due to recovery from fatigue. 

Cited from W. Richter, “Leistungssteigerungen in der Blankschraubenfabrikation 
durch Einfiihrung von Zwangspausen,” Ind. Psychol., 8 (1931), pp. 129-146. 

»2 Cited from W. Richter, ibid., p. 131. 

A. Pennock, “Industrial Research at Hawthorne,*’ Pers. J., 8 fl930). 296-313. 
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together a coil, armature, contact sprinp, and insulators in a fixture 
and securing the parts in position by means of 4 machine screws. Thb 
operation can be done at the rate of about 1 assembly a minute.®* 

The first step of the study was to remove 5 experienced girls who 
had been informed of the purposes of the experiment to a special test 
room established in a corner of a regular shop room. Information on 
the amount of sleep, recreations, home conditions, as well as records 
of observations made on the workers in the plant were maintained. 
Pulse rate, blood pressure, blood condition readings, vascular sUn 
reactions and other physical examination data were obtained from time 
to time. 

Accurate records of production from instant to instant were main- 
tained by means of an electric device recording the completion of each 
relay as it passed out of a chute into whidi it was dropped by the 
operator. As a basis of comparison a record of output for 2 weeks in 
her regular department was kept for each test operator (without her 
knowledge) before she was moved to the test room. After being moved 
to the test room no change in conditions of work was made for a 
period of 5 weeks, a record of output being kept during this period. 
It is interesting to note that there was no appreciable change in output 
following this move. 

The first innovation in conditions of work was a change in method 
of payment, the operators being placed on a group piece rate base 
salary independent of the large group with which they were previously 
identified. Following this a series of changes in working conditions, 
consisting chiefly of variations in the length and position of rest 
pauses, was introduced. The character of these changes and the period 
of time of each is shown in Table 58. 

The most significant feature of the experiment is the finding that 
the productivity of the test group tended in general to increase regard- 
less of the nature of changes in working conditions introduced. The 
general trend is evident in Figure 66. For some operatives this increase 
ran as high as 35 to 50 per cent. The highest productivity was recorded 
in Period 13 during which the operators had a 15 minute rest and 
lunch period in the morning and a 10 minute rest period in the after- 
noon. The “unexpected and continual” upward trend in productivity 
was found even in Period 12, when the girls were put on a full 48-hour 
week with no rest pauses and no lunch. This latter finding is presented 
as partial evidence that the most important influence in increasing 
output when rest pauses are introduced is not the relief from fatigue 
but the change in the mental attitude of the workers in the test group f 
particularly with respect to supervision. According to the investigators. 

This study was part of a more extensive investigation on the desirability of rest pe- 
riods, on the effect of wrong and right methods of supervision, and on factors determining 
employees’ mental attitude conducted by Western Electric Company, further reference to 
which will be found in other chapters of this volume. 

»»/Wd.,p.304. 
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“a relationsh^ of confidence and friendliness has been established 
with these girls to such an extent that practically no supervision is 
required. In the absence of any drive or urge whatsoever they can be 
depended upon to do their best. They say they have no sensation of 

TABLE 58 

Summary of Test Periods, Relay Assembly Group {see Figure 66) 


PERIOD 


DURA- BEGINNING OF REST PAUSES 

NUliBER 

PERIOD NAME 

OATES INCXUDEO TION A. P. M. 


1927 


1 

2 

3 

4 

5 

6 

7 

In regular department 
Introduction to test room 

Special gang rate 

Two S-mlnute rests 

Two 10-minute rests 

Six 5 -minute rests 

iS-minute a. m. lunch 

10-minute p. m. rest 

4- 2Sto S-10 

5- 10 to 6-11 

6- 13 to 8- 6 

8- 8 to 9-10 

9- 12 to 10- 8 

10- 10 to 11- 5 

11- 7to 1-21- 

weeks 

2 ♦ 

5 

8 

5 

4 

4 

■28 11 

None 

None 

None 

10:00 2:00 

10:00 2:00 

8:45, 10:00, 2:00,3:15, 
11:20 4:20 

9:30 2:30 

1928 

8 

Same as No. 7, but 4:30 stop 

1-23 to 3-10 

7 

9:30 2:30 

9 

Same as No. 7, but 4:00 stop 

3-12 to 4- 7 

4 

9:30 2:30 

10 

Same as No. 7 (check) 

4- 9 to 6-30 

12 

9:30 2:30 

11 

Same as No. 7, but Saturday 

7- 2 to 9-1 

9 

9:30 2:30 


A. M. off 




12 

Same as No. 3 (no lunch or 

9- 3 to 11-24 

12 

None 


rests) 





1929 


13 

Same as No. 7, but operators 

11-26-28 to 6-29 31 

9:30 

2:30 

14 

furnish own lunch. Company 
furnishes beverages 

Same as No. 11 

7-1 

to 8-31 9 

9:30 

2:30 

15 

Same as No. 7, except opera- 

9-2 

to present 

9:30 

2:30 


tors furnish own lunch. 
Company furnishes beverages 

• 





♦ Approximately. 

(After Pennock) 


working faster now than under the previous conditions, and that their 
greatly increased production has been accomplished without any con- 
scious effort on their part. Comment after comment from the girls 
indicates that they have been relieved of the nervous tension under 
which they previously worked. They have ceased to regard the man in 
charge as a ‘boss’ — They have a feeling that their increased produc- 
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tion is in some way related to the distinctly freer, happier, and more 
pleasant working environment.” •* 

In confirmation of the opinion that fatigue is of no significance the 
following facts are cited: 

(a) Weekly production curves of operators do not show a decline 



Figure 66. The Performance Curves for Each Operator and for the Group 
Shomng the Weekly Variations in Productivity since the Relay Assembly 
Test Began 

Periods of the test are separated by the vertical lines. The test conditions 
in each period are shown in Table 58. 

(After Pennock) 

in daily production during the latter days of the week. ^ 

(b) Vascular skin reaction records show no increase in fatigue. 

(c) Gradually rising production over a period of 2 years indicates 
the lack of cumulative muscular fatigue. 

(d) Regular physical examinations show that the health status of 
the girls in the test room is being more satisfactorily maintained than 

-Ibid., p.309. 
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that of girls ia the regular department. There are also less illness and 
fewa: absence! among the former. 

It is intere^ing to note that the arguments stated under c and d are 
exactly the same used by other investigators in illustrating the effec- 
tiveness of rest pauses by reason of reduced fatigue. The validity of 
this vascular skin reaction test as an index of fatigue remains to be 
confirmed. The authors fail to present weekly production curves, but 
it is quite possible that there exists a typical variation of the type 
found in the monotony curve, and that the improvement may follow 
from a relief from monotony alone instead of from the improved at- 
titude toward the supervisor upon which the investigators place so 
much stress. 

In connection with the experimental studies the records were ob- 
tained on number of hours of sleep. These records show that the 
amount of sleep has a significant effect upon individual performance, 
evidence which might very well be cited in favor of the fatigue hy- 
pothesis but to which the investigators make no reference in discussing 
their h 3 q>othesis of mental attitude. No reference is made to the signifi- 
cance of slow adaptation to rest pause which results in a cumula- 
tive effect on production of the rest pause. The superior increase in 
production noted in Period 13 may, for example, simply be due to the 
fact that observations in connection with this change were continued 
over a period of 31 weeks, a period almost three times as long as any 
other observed. Slow adaptation to changes may also account for the 
findings in Period 12. As a matter of fact, a study of the curves shows 
that the rise in productivity during this period was not as marked as 
in Period 13 and that, in a few cases, there is a tendency toward a 
drop in production at the end of the Period 12, a drop which, because 
of ^e slow adaptation to negative as well as positive changes in con- 
ditions of work, would naturally be expected only toward the end of 
this period of change. 

Data showing the favorable effect of rest pauses in other shop de- 
partments in which no other changes in conditions of work were made 
is presented in this report. These are not as marked as those oc- 
curring in the test room, but the fact that rest pauses do increase 
production on the part of those workers, combined with the other 
evidence presented above, suggest^ that there is an unwarranted em- 
phasis by this group of investigators in their conclusion that “the 
mental attitude of the operator toward the supervisor and working and 
home conditions is probably the largest single factor governing the 
employees’ efficiency.” 

The Duration and Location of the Rest Pause 

Many investigations have shown that the length and position of the 
optimal rest pause depend upon the nature of &e work, the length of 

•' Ibid., p. 311. 
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the working day, and upon similar factors affecting production and 
fatigue. Incitement tends to augment working capacity, whereas fatigue 
has the opposite effect. The most favorable rest pause is one which 
will conserve all the benefits of incitement and at die same time elimi- 
nate fatigue as much as possible.®® Under these conditions too long a 
rest may be unfavorable because of the loss of incitement or warming 
up entailed in the long period away from work. 

There are a number of laboratory investigations bearing upon the 
optimal length of the rest pause. The earliest of these are concerned 
primarily with mental work. So for example, Graf,®® by introducing 
rests of i, 2 and S minutes’ duration in a 40-minute period of mentjd 
addition, discovered that the 2 -minute rest was most beneficial. When 
work extended for 80 minutes, a 5 minute rest pause was found to 
be the most desirable. Amberg*® found that whereas a pause of 5 
minutes showed a favorable influence on production, a pause of 15 
minutes introduced half-way in a work period of one hour had an un- 
favorable effect on production. 

There are a few more recent experiments dealing primarily with 
muscular activities. Among these is a recent investigation at Purdue 
University,*^ designed to determine the minimum proportion of rest 
periods to total working hours which should be introduced to obtain 
a maximum output on the part of workers engaged in light-heavy 
muscular work. Light-heavy work was defined as that in which “the 
muscular system is continually under load during the operation, the 
load not being heavy enough to produce a sensation of muscle strain, 
but repeated so many times that the worker becomes sensibly fatigued 
by the end of the day’s work.” It is important to emphasize that the 
object of this experiment was not to determine the best proportion of 
rest periods, but the minimum, in the sense that any diminution of 
rest would unquestionably produce a decrease in output. 

The subjects of the experiment were 6 healthy male students of 
superior physique employed to work on a gymnasium chest weight 
machine, the operator being required to raise and lower the weights by 
walking from and toward the machine. He faced the machine and 
raised his arms before him as he approached the machine until the 
weights struck the bottom stops, throwing his arms behind him until 
the weight struck the top stops. Each subject was required to make an 
all-day run of approximately 8 hours once a week, for a period of S 
to 8 weeks. When working at the test the operator was paid a bonus, 

®® S. Wyatt, “Rest Pauses in Industry,” /nrf. Fat, Res. Brd. Rep. No. 42, (1927), p. 4. 

*®0. Graf, “t)bcr lohnendste Arbeits Pausen bei geistiger Arbeit,” Psych. Arbeiten, 7, 
p. 458. 

Amberg, “t)ber den Einfluss von Arbeitspausen auf die geistige Leistungsfabigkeit,” 
Psych. Arbeitetif 1, p. 300. 

G. H. Shepard, “Effect of Rest Periods on Production,” Pers. 7 (1928), pages 186- 
202. This investigation follows upon a preliminary experiment by the same author reported 
in “Experiments at Purdue University,” Ind. Mgt., 42 (1921), pp. 281 ff.; 43, pp. 3S4 ff. 

Ibid., p. 187. 



478 


INDUSTRIAL PSYCHOLOGY 


simOar to the Emerson efficiency bonus, in addition to time rates. In* 
asmuch as all operators were dependent at least in part on work for 
support, the pay, and more particularly the bonus, represented a ma- 
terial incentive to work. 

During rest periods the workers were r^uired to lie down and relax 
completely under blankets -on cots provided for that purpose. Each 
op>erafor was required to spend 19 hours at rest immediately preceding 
the day’s run. Under these conditions it is found that the worker can 
not give his maximum output unl^s he rests approximately 16.6 per 
cent of the time during working hours. The author points out that this 
percentage is practically the same as the practice of the U. S. Army 
in marching infantry, arrived at by a gradual evolutionary process.^^ 
It also conforms to the results obtained by Amar who, after standard- 
izing conditions and methods of work in filing brass with a half round 
file, concludes that ‘‘the operation should continue five minutes and 
be followed by one minute of complete rest.” ** It also agrees with the 
proportion of rest empirically established as satisfactory in an early 
investigation on handkerchief folding by Gilbreth. 

Among the most significant of Shepard’s findings is the observation 
that the subjects of this study were able, after instructions and ex- 
perience, to select the most satisfactory work and rest periods under 
the guidance of their own feelings. The fact that the subjects of this 
experiment were college students of superior intelligence, combined 
with the more exact control of the conditions of work, may make this 
finding inapplicable to industrial workers. However, the determination 
that workers can be taught to work and rest under the guidance of their 
own feelings as efficiently as an industrial engineer or industrial psy- 
chologist can guide them, on the basis of test data, would be of utmost 
significance in industrial work and warrants very complete examina- 
tion in the industrial situation. 

Such laboratory investigations, as well as the earlier studies by 
Kraepelin, Amberg, Graf, etc., are of unquestionable value in setting 
up general principles for the distribution of rest pauses. However, 
because of the differences in the energy cost of specific jobs and of 
diverse working conditions, the most satisfactory results in increasing 
production and reducing fatigue can only be obtained by the experi- 
mental determination of the effects; of various rest pauses under plant 
conditions. The importance of this procedure is well illustrated in a 
study of rest pauses in a German machine shop by Richter. 

The subjects were women employed in the manufacture of screws, 
bolts, and nuts. The working day extended from 7 a. m. to 4 f. m., 
and was divided into 5 spells by a breakfast period extending from 
9:30 to 9:45 and by a 45-minute break for lunch at 12 :00. Throughout 

« G. H. Shepard, op. di,, p. 192. 

** Cited from G. H. Shepard, op. cU., p. 194. 

W. Richter, op, dt. 
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the course of the experiment production records were t 4 ^V ep at 15- 
minute intervals. The procedure and findings of this experiment cm 
be Ulustrated by reference to the determination of the optimal length 
and distribution of rest pauses in the case of women employed in 
cutting threads on brass parts. The experiment extended over a period 
of 6 weeks and included 5 subjects. The typical daily work curve prior 
to introduction of rest pauses is shown in the top section of Figure 67. 
The curve of production is typical in showing a gradual increase in 
rate at the beginning of the work spell, a maximum point following 
approximately the third hour of work, and a rapid and consistent drop 
throughout the major portion of the afternoon spell of work.** 

Preliminary experiments demonstrated clearly that satisfactory re- 
sults could not be obtained by arbitrarily introducing the rest pause 
in the middle of work spell or by arbitrarily determining the positions 
in the work spell. Careful observations indicated that the most satis- 
factory results could be obtained by an examination of the work curve 
and by the introduction of the rest pause approximately 10 or 15 
minutes after the work curve had achieved its maximum, in other words, 
shortly after the curve of work starts to fall. Placing the rest pause at 
this position apparently makes it possible to lose none of the ad- 
vantages of incitement and settlement, and at the same time to avoid 
continuing work beyond the point at which there results an excessive 
accumulation of fatigue. 

This experimental finding is in agreement with the conclusion 
reached by Wyatt that the rest pause should be introduced at about 
the time output reaches its maximum. “At this stage working activity 
is about to decrease, and the recuperative effects of the pause will re- 
tard the on-set of factors detrimental to output and tend to maintain 
working activity at a high level during the remainder of the spell.” 

In the case of multiple rest pauses in the same working spell, the 
evidence pointed to the desirability of placing additional rest pauses 
at the point at which the curve, after the introduction of the initisd 
rest pause, again started to fall. 

The actual results obtained through the introduction of a diverse 
number of rest pauses of varied length, in the case of workers engaged 
in thread cutting, is shown in Figure 67. It is evident that there is the 
greatest decrease in the variability of rate of work with the introduc- 
tion of 6 rest pauses each 2 minutes in length placed at a point in 
the curve in accordance with the principles described above (b). It is also 
interesting to note that this number and distribution of rest pauses, 
involving a total loss of 12 minutes of work a day, produces an increase 
of production of 6.03 per cent, whereas a total rest of 15 minutes 

The curve is atypical in its resemblance to the so-called monotony curve in the drop 
in the middle of the morning spell. However, it is typical in the absence of the drop in the 
middle of the remaining working spells and in its failure to show the spurt at the end of 
each spell of work, to be expected in the monotony curve. (See Chapter XXIII.) 

S. Wyatt, “Rest Pauses in Industry," Ind. Fat. Res. Bd. Rep, No. 42 (1927), pp. 2-3. 



480 


INDUSTRIAL PSYCHOLOGY 


divided into titfee paxises eadi 5 (e) minutes in length, results in a 
decrease in production of 2.61 per cent. 

For purposes of comparison, there are shown, in Figure 68, tlw re* 
suits o&ained In the case of 4 experienced women employed in slitting 
the heads of brass screws, whose work records were obtained for a 
period of 5 weeks. Ihe most advantageous distribution of work periods 
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{After Richter) 


in this case turned out to be 6 pauses, each 3 minutes in length, which 
produced an average increase in production of 11.01 per cent (b). The 
introduction of 24 minutes of rest divided into 3 pauses each 8 minutes 
in length resulted in a decrease in production of 5.58 per cent (e). 

There are, unfortunately, too few investigations of this t)rpe. The 
results demonstrate a fact that has often been neglected in the study 
of rest pauses — ^that an improper distribution of rest pauses may 
result in a decrease of production without reducing fatigue by offsetting 
the effects of “practice,” and by breaking into the “warming up” 
period, during which the effects of fatigue are not of particular im* 
portance. The differences in the distribution of advantageous pauses 
for various kinds of work observed in this investigation are evidence 
that the results obtained in one kind of work cannot be directly ap- 
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plied to other kinds of work. As Richter points out, the {woductive 
value of the rest pause depends on 
(a) Kind of work 

b) The type of worker employed 

c) Location of the rest pause 

(d) Tbe length of the rest pause 

(e) The day of the week 

(f) The shape of the work curve. 
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{After Richter) 

An experimental analysis of the effect of each of these conditions 
furnishes the only scientific basis for establishing the effectiveness 
of the rest pause in a specific industrial situation. 

Relaxation in the Rest Pauses 

Associated with the question of the length and distribution of the 
rest pause is that of how the rest pause should be spent. Mayo and 
Hersey have insisted that the authorized rest period can give the 
best results if the worker is induced to spend it in complete muscular 

W. Richter, op. cU., p. 141. 

Mayo, '*Revery and Industrial Fatigue,’* /. Pars, Ros,, 5 (1924), pp. 273-41. 

R. B. Heney, op, cit,, p. 44. 
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relaxation, actually endeavoring, as a matter of fact, to fall asleq) 
during the rest pause. In one plant where this method of complete 
relaxation was introduced, it proved so satisfactory that Army cots 
were bought by the management to take the place of sacks filled with 
cotton or wool^ which were first used. Although this method is probably 
desirable in c^^ of heavy muscular work, it is equally true that under 
other conditions the rest period can be spent to better advantage in 
some form of recreation or perhaps even in a strenuous activity which 
involves other muscles and other objectives than the work itself. This 
is particularly true where the work is highly repetitive in character, 
and where decreased production is associated with the feeling of mo- 
notony rather than true fatigue.®' It is also unlikely, as Mayo has 
insisted, that the benefits of relaxation grow out of the discouragement 
of irrational reveries and pessimistic day-dreams.®* It seems unneces- 
sary to introduce this concept into the explanation of the situation 
which can be more easily and more simply explained in terms of 
physiological processes involved in fatigue. 


3. EYE STBAm AND FATIGUE 

(a) The Influence of lUumination 

Defective illumination is a major factor in unnecessarily increasing 
fatigue resulting from work. Investigations have shown that in certain 
types of work output falls and the feeling of weariness increases as a 
result of defective lighting. This is particularly evident in the change 
from daylight to artificial illumination, because “the eye sees its ob- 
ject much more quickly, sustains its power of clear seeing very much 
better, fatigues less quickly and suffers less discomfort under daylight 
intensities than under those found in artificial lighting.” ®® 

Changes in illumination are expressed in terms of the foot-candle. 
The foot-candle represents the intensity of illumination upon a surface 
one foot from a standard candle (that is, a candle about one inch in 
diameter), when the surface is held perpendicular to the direction of 
light from the source. The intensity of illumination outdoors on a clear 
mid-summer day sometimes reaches 10,000 foot-candles.®' The in- 
tensity of illumination on the ground shaded by a small tree is ordi- 
narily as high as 1000 foot-candles'. This is ofttimes considered as the 
ideal intensity of illumination. The average intensity of illumination of 
large indoor areas is generally about 10 foot-candles. The intensity of 
artificial illumination indoors is often not as high as this, and a large 

discussion of rest pause in monotonous work in Chapter XXIV, pages 554-55. 

E. Mayo, op. cit. 

E. Ferree and G. Rand> “The Ocular Principles in Lighting,” Trans, lUum. Eng,, 
20 (1925), p. 278. 

Luckiesh and F. K. Moss, Seeing, Baltimore, (1932), p. 6. 
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proportion of individuals working in offices and factories do their work 
with an intensity of illumination of about 3 foot-candles. 

Muscular movements take place when the eyes are in use. The eye 
regulates, by means of changes in the size of the pupU, the amount of 
light falling on the retina, its sensitive surface. Activity of muscles of 
accommodation is involv^ in focussing with respect to the distance 
of the object which is being observed. Additional muscular movements 
are involved in maintaining ocular balance as both eyes are converged 
upon a single object.®® The amount of such movement may be con- 
siderably increased when the conditions of illumination are unsatisfac- 
tory. So, for example, shiny points or surfaces on a black machine, pro- 
ducing reflected glare, bring about excessive muscular movement, 
accompanied by a pronounced feeling of strain, as visual attention is 
diverted from the dark background to the polished surface and as the 
pupil attempts to adapt itself to the widely differing intensities of 
illumination. In addition to unevenness of illumination, insufficiency of 
light and inconstancy of illumination increase the difficulty of seeing 
and produce eye strain and fatigue, which are oftimes reflected in head- 
aches and a general feeling of malaise. 

It is not possible to measure quantitatively the amount of fatigue 
produced by the use of the eyes under unsatisfactory conditions of 
illumination,®® although Goldstern ®^ finds objective evidence of visual 
fatigue in the periodic oscillation of fatigue and recovery phenomena 
observed in 20 subjects, when the amount of errors in measurement on 
the polarimeter is used as an index of visual efficiency. However, when 
it is borne in mind that adults use their eyes about 16 hours each day, 
that approximately 70 per cent of muscle activity is due to impulses 
received through the eyes, it becomes evident that an environment that 
makes difficult the use of the eyes will contribute enormously to fa- 
tigue. A survey of 21 common industrial and office activities has shown 
that the eyes are engaged in serious work 70 per cent of the time. The 
failure to provide proper lighting must increase considerably the con- 
sumption of bodily energy during this major portion of the day^s work. 

The influence of increased strain when eyes are employed under un- 
satisfactory lighting conditions is not limited to increased energy ex- 
penditure. It also appears, as Luckiesh and Moss,®® and Ferree and 
Rand have suggested, that a pleasantly lighted room helps directly 
to create agreeable affective tones, whereas a dark, gloomy workroom 
may provoke opposing states of mind. Dim lighting promotes relaxa- 
tion, whereas a brightly lighted environment stimulates the individual 
toward increased activity without increasing excessively the energy 
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«q>ended in th(; work. Evidence of the stimulating eff^ of lig^t, even 
when it is not directly involved in the work which is being done, is 
found in one ^laboratory investigation, where an increase of 8 per 
cent in the amount of work done solely by touch was noted when li^t 
was permitted to enter the eyes through frosted goggles, over that done 
when the room was in darkness.*® 

The influence of better lighting upon efficiency in industry has been 



FiGUSE 69. E§ect of Changes in Illumination Upon Production 
Showing the average number of pieces of material inspected per person 
per hour for each of ten consecutive weeks; also the corresponding intensi- 
ties of illumination for the various weeks. During the first two weeks the old 
lighting system (half daylight) was in operation. During the remaining 
eight weeks the new system of artificial lighting was operated. 

(From an Investigation Conducted by Hess and Harrison — After Luckiesh 

and Moss) 

investigated both in the laboratory and in industry. Characteristic of 
the industrial studies is an investigation conducted by Hess and Harri- 
son in the inspection departmen^^ of an industrial plant. The work 
consisted of examining parts of a roller bearing turned out by auto- 
matic screw-machines. The investigation was conducted under actual 
working conditions with as little disturbance to factory routine as pos- 
sible. Thirty-eight to 48 inspectors, paid on an hourly basis were in- 
volved in the study, which extended over a period of 10 weeks, during 
which changes were made in the intensity of illumination at various 
times. 

M. Luckiesh and F. K« Moss, op. at, 

D. P. Hess and W. Harrispni “Relation of Rluniination to Production,*’ Trans, /. M. S., 
18 (1923), pages 787 Bi, 
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The results of this study, shown graphically in Figure 69, reveal a 
high correlation betwera the amount of work produced and the in- 
tensity of illumination. This finding is made particularly significant by 
the fact that the workers were paid on an hourly basis throuj^out the 
course of the investigation. There was no change in the incentive 
toward production, or in any other condition other than illumination, 
to account for the increase of production at various times. It is also of 
interest to note, that in the case of every increase in illumination the 
cost of improved lighting was below the value of the increased output 
obtained by the better lighting. 

Similar results are reported in a series of studies by the Industrial 
Fatigue Research Board. In one experiment, for example, the work 
of compositors in a printing plant was observed (1) under daylight and 
(2) under pro^ly distributed artificial light, of varied intensity.®* 
At an illumination of 2 foot-candles there appeared a 25 per cent loss 
of output and a 10 per cent increase of errors over those made under 
daylight conditions. At 7 foot-candles there occurred a 10 per cent out- 
put loss and only a slight increase of errors over those made with day- 
light illumination. With an illumination of 20 foot-candles the daylight 
rate of work and the daylight accuracy was maintained. 

A 6 per cent increase in the output of S women tile pressers with an 
increase in average of illumination of from 1.7 foot-candles to 4.7 
foot-candles, is reported by Weston and Adams.** Removal of the 
workers to a shop having good daylight illumination resulted in a fur- 
ther 6 per cent increase in output. In addition, the feeling tone of the 
workers appeared to be considerably improved by provision of better 
lighting conditions. 

The relationship between illumination and visual acuity and ocular 
fatigue, has been examined by Ives of the United States Public Health 
Service.®* The investigation weis conducted with post office employees 
engaged in the routine sorting of mail. Changes in visual acuity asso- 
ciated with changes in level of illumination was chosen as the criterion 
for evaluating the effects of illumination upon the welfare and efficiency 
of the worker. The investigation, which extended for more than a year, 
was divided into 7 periods, the intensity of the illumination at the 
work place being changed in each period. The visual acuity of each 
worker was measured at the beginning and close of each day’s work 
by means of the International Test Chart. Results are summarized in 
Table 59. It is evident that acuity varies directly wiffi the intensity of 
illumination. There is reason for believing that the higher Jlevel of illu- 
mination, by increasing the visual acuity, makes easier the task of 


L. A. Legros and H. E. Weston, **On the Design of Machinery in Relationship to the 
Operator,” tnd. Fat. Res. Bd., Report No. 36 (1926), pp. 34. 

Annuai Report, “Ind. Fat. Res. Bd.,” London, (1930), p. ?. 

J. E. Ives, “Study in Illumination,” U. S. Public Health Bulletin, No, 181. 
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sorting mail ai^ decreases the ocular strain or fatigue involved in this 
work. 

An interesting finding of this study is that the visual acuity varies in 
the course of a day’s work, and that the worker may actually see more 
clearly at the dose of a day’s work under better conditions of illumina- 
tion than in the morning of a day when illumination is maintained at a 

TABLE S9 

The Relationship Between Visual Acuity and Level of Illumination 

Used at Work-Place 


VOOT-CANDLES 

DURATION OF PERIOD 

IN MONTHS 

AVERAGE P. £1. 

“acuity” 

AVERAGE A. 

“acuity’ 

3.3 

2 

0.530 

0.534 

2.7 

1 

0.515 

0.516 

5.3 

1 

0.526 

0.535 

10.7 

S 

0.530 

0.540 

S.4 

1 

0.535 

0.544 

2.4 

2 

0.516 

0.526 

4.0 

1 

(After Ives) 

0.493 

0.503 


low level. It is evident that good lighting has a definite influence upon 
the conservation of vision. The fact that poor illumination not only 
affects output immediately, but that adaptation and recovery do 
not take place until some time after its intensity has been increased, 
has also appeared in an English experiment in a silk weaving plant. 
This revealed a marked inferiority of output on days in which artificial 
illumination had to be used during the first and last hours of the day, 
as compared with those on which no artificial illumination was used.®“ 
The ill effects suffered during the first hour of work were serious enough 
to disturb the production of the workers throughout the entire day. 

The enormous economic value of increased output obtained by better 
illumination is evident when it is realized that a 10 per cent increase 
in production attributable to this factor would be equivalent to: 

1,000,000 wage-earners 
$1,000,000,000 in wages 
$2,500,000,000 value added by manufacture 
$6,250,000,000 value manufactured products.** 

The economic value of adequate illumination appears in a recent 
study by Goldstern and Putnoky,®^ which is one of a series carried on 
under the auspices of the Industrial Lighting Laboratory (Lichtwirt- 

“A Study of Output in Silk Weaving During the Winter Months,” Ind. Fat. Res. Bd., 
Report No. 9 (1920), pp. 70. 

M. Luckiesh and F. K. Moss, op. cit., p. 227. 

•^N. Goldstern and E. Putnoky, “Erfolgskontrollc arbeitstechnischer Beleuchtungs- 
versuche in einer Jutewebcrci,” Ind. Psychol., 8 (1931), 257-63. 
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sckaftliche Untersuckungstelle) founded by Moede.** Production on 
each of 4 looms in a jute weaving plant, observed between August, 
1950, and March, 1931, supplied with 150 watts of properly shaded 
illumination was found to exceed that of each of 4 looms supplied with 
60 watts of badly distributed illumination. An examination of increased 
production and of increased costs of installing and maintaining the ex- 
tra lights showed a net surplus of 44.70 R. M. per year for each loom. 

In another study,®* in a wool weaving plant, the effect of lig h ti ng 
conditions upon the efficiency of four weavers was determined by con- 
sidering three variables: — 

(a) Increase in rate of work 

(b) Reduction in number of thread breaks 

(c) Improved quality of cloth, resulting from a reduction in the 
number of defects overlooked by the weavers. 

Every increase in degrees of illumination (from approximately 150 
to 2000 Lux and 100 to 1600 Watts per loom) was accompanied by an 
improvement in the quantity and quality of production. However, a 
detailed comparison of increased energy consumption, of the cost of 
installing and maintaining the improved lighting, etc., with increase in 
production under different degrees of illumination, and decrease in 
unit overhead cost, showed that the surplus (i. e. the difference between 
increased cost and increased revenue) is not proportionate to the de- 
gree of illumination. The nature of the relationship is shown in Fig- 
ure 70. 

The maximum economic return is found with an illumination equiva- 
lent to 600 Lux or 300 Watts for each loom. Cost actually exceeds 
revenue where lighting is above the level of 1350 Lux or 1700 Watts. 
The findings on cost do not refer to improvements in quality. They are 
not applicable to “weavers” other than those considered in this study. 
They suggest, however, that there is a point of diminishing economic 
returns from continued improvement in lighting and that this point 
may be reached sooner than is implied in the conclusion formulated by 
Luckiesh and Moss.''® It is also probable that there is a similar point 
of dim i nishing returns in reduced fatigue and in improved individual 
adjustment, but the conditions under which this is reached are still al- 
together a matter of surmise. 

The benefits of improved illumination are not limited to the eco- 
nomic sphere. Equal in importance to the economic gain, is the in- 
creased safety, the increased feeling of comfort, the improved morale, 
and the improved feeling of well-being, associated with work under 
satisfactory conditions of illumination. From the consideration of ol^ 
jective data and on theoretical grounds, there seems reason for agreeing 

N. Goldstern and E. Putnoky, ^'Arbdtstechnische Untersuchungen iiber die Beleuch- 
tung von Webstuhlen/’ Ind. Psyckot,, 7 (1930), pp. 321-38. 

Goldstern and £. Putnoky, “Beleuchtung und Leistung am Webstuhl,” Jnd, 
Psychol., 7 (1930), 353-373. 

M. Luckiesh and F. K. Moss, op. cU., p. 227. 
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vdth Luckiesh Jand Moss that ^^good lighting makes human beings 
better producelfs with less effort. It has hygienic value. It decreases 
spoilage. It raises our spirits. It increases safety. It conserves vision. 
It can do much to maintain and even elevate &e standard of living 
and working as world competition becomes more severe,’^ 

The character of the changes necessary to improve illumination de- 



Figur£ 70. Comparison of Illufmnation and Production Costs 
{After Goldstern and Putnoky) 


pends upon layout of the plant and the character of the work. In gen- 
eral, the most important principles appear to be (1) that intensity must 
be adequate for the task, and (2) that the visu^ field must be Ulu- 
minated as nearly uniformly as possible. 

Increased brightness obtained through increasing intensity of illu- 
mination gives greater power for clear seeing through its influence on 
the retina’s power to discriminate detail in the image.'^® The benefit 
derived from this is particularly great (a) when the work or details to 
be discriminated are snudl; (b) for the eye suffering from defects in 
refraction; and (c) for the old eye. These effects follow from the fact 
that the retina has less need for high intensities for discriminating de- 
taO when the image is large and clear than when it is small and blurred. 
The latter is apt to be the case in small work or when refraction is de- 
fective or the refracting media defective, as in old age. 

VI M. lAickiesh and F. K. Mosa, op. cit., p. 231. 
va C. £. Ferree and G. Rand, op. cit., p. 2lS S. 




THE ELIMINATION OF FATIGUE 4*9 

Evenness of illumination and of surface brightness and in:<q)er diffu* 
sion of lig^t are important first because of the reflex tendency of tSie 
eye to turn toimrd bright objects in the field of vision so Ug^t 
reflected by an object may fall upon the “fovea,” — the center of vision. 
This reflex response as well as the voluntary inhibition of this tendeiu^, 
to prevent visual attention from wandering from the task, require 
extra muscular effort and consume energy. A bright object in the fidd 
of vision, leading to the reflex response in its direction, also produces a 
reflex accommodation of the lens, which likewise involves extra muscu- 
lar movement, conflict, and strain. The contrast of a dark and light 
surface serves to intensify the brightness of the latter, increasing 
thereby the amount of glare. Finally bright lights to the side of the 
eyes tend to throw a glare upon the peripheral portion of the retina, 
which is ordinarily adjusted to a low intensity of illumination, and 
produce an extreme feeling of discomfort. 

The fundamental principle of vision is that the eye is dominated by 
a tendency to keep vision clear. Artificial lighting imposes an enormous 
burden upon the adjustment mechanism of the eye in its attempt to 
conform to this tendency. This leads rapidly to “fatigue and exhaus- 
tion, to deformities slight in their physical magnitude but great in their 
functional importance” if the burden is not lightened by suitably 
distributed lighting of adequate intensity. 

(b) The Influence of Colored Illumination 

The effect of colored illumination upon work has been the subject of 
a number of investigations, only one of which, a study by Ruffer,^* 
will be cited in illustration of the methods and findings of such studies. 
Visual acuity, speed of vision, and manual work involving eye-hand 
co-ordination were employed in determining the effect of yellow, green, 
red, and blue in comparison with ordinary day-light. Acuity of vision 
was measured by means of Snellen Chart material (the various sizes 
and positions of E) placed on a special background. To measure speed 
of vision the subject was required to give the position of the opening in 
a broken circle presented on the tachistoscope. For the measurement 
of co-ordination, the subject was required to thread pearls, to place 60 
pieces of wire 84 mms. in length and .3 mm. in diameter, into holes on 
a brass plate with a diameter of .75 mm., etc. The subjects of the ex- 
periment were 12 office and factory workers in an industrial plant. 
The variations in degree of illumination included intensities of 
S-10-2S-S0-10O-2S0 Lux. The changes in character of' illumination 
included (a) general illumination, (b) illumination of the work place, 
and (c) a combination of the two. 

A. T. PoSenberger, op. at., p. 188 ff. 

C. E. Feme and G. Rand, op. at. 

”W. Ruffer, “fiber die Beeinflusaung menadilicher LebtungBB durdi farWgea Udit,'' 
Ind. Ptyekot., $ (1928), pp. 161-77. 
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The results idlow that there is no relationship between the color of 
general illuminition and production. On the other hand, when illu> 
mination is confined to the work place, yellow is found to be the most 
effective color, the remainder ranking in the order of green, red, day- 
li^t, blue. 

The combination of general and place illumination destroys the re- 
lationship between color and production. The absence of relation be- 
tween the color of general illumination and production appears to be 
due to the adaptation to color occurring with prolonged exposure to 
the color. With such exposure the consciousness of color disappears. 
The question of the extent to which fatigue is associated with work 
under each of the colors can not be answered from this study. There b 
not sufficient difference between the performance in the last 20 and the 
first 20 of 50 trials in the case of any color to warrant the conclusion 
that eye fatigue tends to occur more in the case of one color than in the 
case of another. The author points to the existence of individual dif- 
ferences in susceptibility to the effect of colored illumination which re- 
quire consideration in the selection of workers for jobs in which the 
task is done in a colored environment. 

The findings by Ruffer in the industrial situation agree in general 
with those of higMy detailed laboratory studies by Ferree and Rand. 
Among the most recent of these is an investigation in which were 
employed tests of acuity, speed of discrimination, power to sustain 
clear seeing, and loss of visual efficiency to show the effect of color and 
composition of light on the visibility of objects. Two intensities of 
spectrum light were used. Of wave lengths selected at representative 
points of the spectrum the highest acuity was found for yellow and 
the lowest for blue. Yellow also stands high on the other tests of visual 
efficiency. However, as the authors point out, although the eye has de- 
veloped color reactions it has also developed very elaborate means of 
getting rid of these reactions for the greater part of its seeing. The 
complementary character of color reactions, the fact that maximum 
saturation of color comes at intensities far below those which give an 
adequate working illumination and the rapid adaptation to the chro- 
matic content of color cause the eye when acted on by colored light 
rapidly to lose its power to give the color reaction. It appears that the 
eye was not intended to see and work under what we ordinarily call 
colored light and color may be considered as a mild physiological drug 
to be used with intelligence and discrimination and not in large poison- 
ous doses. 

(c) Other Factors in Eye Strain 

There is evidence in English experiments that eye strain and fatigue 
occurring in fine work can be reduced not only by improved illumina- 

C. £. Ferree and G. Rand, “Visibility of Objects as Affected by Color and Composition 
of Light,” Pers. J., 9 (1931), pp. 108-124; 47S-492. 
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tion but also throu^ the use of suitable spectacles. In very fine wotk, 
such as mounting lamp filaments or in the linking process in the manu- 
facture of hosiery, the eye must be kept close to t^ object of work. 
Under such conditions there is a marked degree of continuous strain 
imposed upon the muscles of convergence and accommodation. Weston 
and Adams have shown, in three studies, that the feeling of fatigue can 
be greatly reduced and output very noticeably increased by providing 
workers with special glasses designed to overcome the excessive con- 
vergence and accommodation made necessary by fine work. The spec- 
tacles are such as to provide compensation for the nearness of the 
object and to permit the work to be done with a degree of accom- 
modation and convergence that is ordinarily present in normal 
vision. 

A preliminary experiment resulted in increased output and other 
evidence of lessened eye strain in the case of 3 linkers in a hosiery mill. 
In a later experiment special glasses were provided to 2 girls engaged 
in sorting minute filaments for telephone switch board indicator lamps 
and to 3 girls engaged in mounting these filaments. The fineness of the 
work is indicated by the fact that the diameter of the filaments is only 
about yi that of a human hair. Glasses were provided which not only 
corrected individual errors of refraction but combined in addition 
prisms to assist convergence and accommodation. Hourly output rec- 
ords were obtained for 6 weeks prior to the use of the glasses and for a 
10-week period subsequent to their fitting. The same procedure was 
followed in the case of 6 experienced operatives engaged in the work 
of drawing in in a weaving plant, whose output was observed during a 
control period of 7 weeks and during a period of similar duration after 
glasses had been provided. 

The amount of increase in production in the case of drawing-in 
varies from 8 to 26 per cent. In the case of the filament sorting and 
mounting the increase is from less than 1 per cent in an exceptional 
case to nearly 20 per cent. The evidence suggests that an average in- 
crease of output of 12 per cent may be effected through the use of such 
glasses in cutting down eye strain on fine work. An important by- 
product from the use of the glasses is the lessen^ feeling of fatigue on 
the part of workers employed in these occupations. 

The findings of these experiments, although favorable to the use of 
such glasses, are not clear cut because of the presence of eye defects 
in a number of the subjects. Inasmuch as these were in every instance 
corrected, it may be that the increased output, and improved feeling 
tone follow in part or in whole from the correction in vision, rather 
than from the use of special prisms to reduce excessive accommoda- 

H. C. Weston and S. Adams, ”The Effect of Eye Strain on the Output of Linkers in the 
Hosiery Industry,” Ind. Fat. Res. Bd. Rep., No. 40 (1927), pp. 20, 

H. C. Weston and S. Adams, ^*On the Relief of Eye Strain among Persons Performing 
Very Fine Work,” Ind. Fat. Res. Bd. Rep., No. 49 (1927), pp. 30. 
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tion and convetjgence. In a more recent experiment 13 subjects, en> 
gaged in exatui^ng steel balls, clotb mending, and m linking hosiery, 
were supplied widb special spectacles which reduced the amount of 
accommodation uul convergence necessary to that which would be 
used if the eyes were kept at a distance of about 15" from the work, 
that is, approxknately at comfortable reading distance for individutds 
with norm^ vi^on. The average improvement in production of workers 
with normal and abnormal vision is shown in Table 60. 


TABLE 60 

Average Improvement in Production 



PERCENTAGE 

PERCENTAGE 

TYPE OF WORK 

IMPROVEMENT 

IMPROVEMENT 


IN WORK 

IN WORK 


WITH NORMAL VISION 

WITH ABNORMAL VISION 

Ball Examining 

26.7 

28.4 

Cloth Mending 

21.9 

12.3 

Linking Hosiery 

2.1 

5.9 


(After Weston and Adams) 


It is evident from these figures that the improvement in output can 
be directly attributed to the use of- special spectacles for reducing eye 
strain in excessive accommodation and convergence. Workers included 
in this experiment experienced the same satisfaction with the glasses 
as those who were the subjects of earlier investigations in this field. 

4, THE EFFECT OF ATMOSPHERIC CONDITIONS 

Atmospheric conditions play a part in determining the efficiency and 
well-being of the worker. “The industrial worker spends the major 
part of his active life in an environment where heat, moisture, and in 
some special cases, injurious elements are constantly evolved by the 
process of manufacture.” *® These conditions, as a result of their effect 
on the health and comfort of the workers, grossly affect the quantity 
and quality of output and the general efficiency of the worker and of 
the plant. 

Until comparatively recent years the effect of bad air upon human 
efficiency was thought to be largely due to the increase of carbon di- 
oxide in the air. Recent experimental work does not support this the- 
ory. In pure air the proportion of oxygen is 21 per cent, of nitrogen 

H. C. Weston and S. Adams, “Further Experiments on the Use of Special Spectacles 
in Very Fine Processes,” Ind. Fat. Res. Bd. Rep., No. 57 (1930). 

•0 c. P. Yagloglou, “Modern Ventilation Principles and Their Application to Sedentary 
and Industrial Life,” J. Pets. Res. (1925), p. 389. 
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78 per cent, of carbon dioxide 0.03 per cent. In the most poorly ven- 
tilated schools and factories which have been experimentally observed 
the percentage of oxygen is seldom reduced below 19 per cent and the 
percentage of carbon dioxide almost never increased above 03 per 
cent. To produce adverse physiologiqd effects, oxygen must be reduced 
to 14 per cent and carbon dioxide increased to 0.4 per cent.^^ 

The secondary importance of oxygen and carl^n dioxide content 
of the air in producing adverse effects has been demonstrated in a se- 
ries of experiments conducted by the New York State Ventffation Com- 
mission,^^ in which individuals kept in air tight chambers showed the 
usual s 3 miptoms of poor ventilation even when permitted to breathe 
fresh air by means of tubes from the outside of the room. 

The findings of laboratory and plant studies have shown that the 
depressing influence of poor ventilation is associated with the tem^ 
perature and humidity of the air and with air movement. The inter- 
operation of these factors in affecting efficiency and subjective feelings 
is illustrated in the experience of Europeans in tropical countries.** 
It is a common finding in such countries that work can be done more 
efficiently and more comfortably in dry air at a high temperature, than 
in moist air at a lower temperature. In addition, work can be comforta- 
bly done in moist air provided that its movement is maintained by use 
of fans which serve to increase the rate of evaporation of moisture 
from the body. Somewhat similar conditions exist in the industrial 
plant, because here, as elsewhere, the well-being and efficiency of the 
worker is determined by the extent to which radiation, convection and 
evaporation of excess body heat and moisture is facilitated.®^ The body 
discharges heat to the air and warms surrounding objects by radiation 
in exactly the same manner as the sun warms the earth. The air heated 
through contact with the surface of the body rises, while cooler air 
takes its place, thus setting up convectional currents which help carry 
away the heat developed by the body. In addition, the air evaporates 
moisture from the surface of the body. 

The amount of heat carried off by radiation and convection depends 
upon the temperature of the air and the amount of its motion, while 
the evaporative cooling effect depends upon the capacity of air for 
absorbing moisture and upon its movement. Heat loss, both by con- 
vection and evaporation, is greatly accelerated in the presence of 
wind, which carries away the warm and saturated film of air in contact 
with the body and replaces it with cooler and drier air.*® 

/ 

A. T. Poffenberger, op. dt., p. 166. 

“Ventilation,” Report of the New York State Commission on Ventilation, New York, 
(1923). 

Eleventh Annual Report of the Industrial Health Research Board, London, (1931), 

p. 6. 

®*“Air Conditions and the Comfort of Workers," Ind. Health Ser. No, 5, New York, 
(1932), pp. 11-12. 

C. P. Yagioglou, op. dt., p. 379. 
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The temperatore of the atmosphere, known as dry-bulb temperature, 
is obtained by' means of an ordinary mercury thermometer. The 
amount of moisture, known as viet bulb temperature, is obtained by 
covering the btltlb of the thermometer with a piece of wet gauze and 
fanning or whifling the thermometer so as to produce evaporation of 
the moisture. Simultaneous dry bulb and wet bulb may be obtained by 
an instrument known as the sUng-psychrometer. Air motion is meas- 
ured by the Kata-tkermometer, designed by Sir Leonard Hill,^* which 
constitutes, especially at low velocities, a useful instrument in readily 
detecting drafts or air infiltration through windows. “Fundamentally, 
this is a specially constructed alcohol thermometer with a cylindrical 
bulb about four centimeters in length and two centimeters in di- 
ameter.^^ — In taking a reading, the kata is immersed in hot water until 
the alcohol rises to a top reservoir. The bulb is then dried and the in- 
strument is suspended in the selected location. The time taken for the 
fluid to fall from 100 degrees to 95 degrees, measured by a stop watch, 
is a criterion of the heat loss from the surface of the kata by radiation 
and convection. Since the heat loss from the surface of the kata in 
dropping from 100 degrees to 95 degrees is a known factor (and is 
written in the back of the thermometer in millicalories per square 
centimeter of kata surface and is known as the ‘kata factor’), the rate 
of the loss depends entirely upon the atmospheric environment. It is 
obvious, therefore, that there exists a definite relation between the 
time of cooling of the kata-thermometer and the atmospheric condi- 
tions. The rate of heat loss is determined by dividing the kata factor 
by the time of cooling, in seconds, from 100 degrees to 95 degrees F. 
After determining the rate of heat loss and ascertaining the dry-bulb 
temperature by an ordinary thermometer, the air motion is easfly cal- 
culated by means of a formula or table.” 

The extent of influence of atmospheric conditions upon fatigue and 
production is illustrated in an investigation by Wyatt, Fraser, and 
Stock,*® designed to determine the influence of the amelioration of 
temperatures and humidity in a weaving shed, through the use of 
suitably placed fans. Fans were run on alternate working days over a 
period of 6 weeks during the summer. Following this they ran con- 
tinuously for a week and were then stopped for a similar period. The 
rate of air movement and the cooling effect produced by fans was 
measured by means of kata-thermometer readings taken at alternate 
i hours through each day. Wet and dry bulb thermometer readings 
were taken at the same time. The findings indicated that output on 

Leonard Hill, The Science of Ventilation and Open Air Treatment, Part I, Lon- 
don, (1919). 

8T Industrial Health Series So, 5, New York, (1932), pp. 12 ff. 

Ibid. Cited from ‘^Report of Committee on Standard Methods for Examination of Air, 
Amer. Pub, Health Assoc.,” American Journal of Public Health, Vol. 7, No. 1, Jan., 1917. 

S. Wyatt, F. A. Fraser and F. G. L. Stock, “Fan Ventilation in a Humid Weaving 
Shed,” Ind, Pat, Res, Bd, Rep, No. 37, London (1926), pp. 33. 
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looms affected by fans was bi^er on days when the fans were run- 
ning than on other days, the increase being particularly noticeable at 
periods when temperature and humidity were imusually high. The in- 
fluence of fans upon output is shown in Figure 71. In addition to in- 
creasing output, reports by workers showed that bodily comfort was 
considerably increased by the operation of the fans. 

The influence of atmospheric conditions has been illustrated in a 



Figure 71. Hourly Variations in Output During a Composite Day with 
(a) Fans Running, (b) Fans Stopped 

(A fter Wyatt, Fraser and Stock) 

number of studies in the mining industry. In metal mines in a still 
atmosphere of 80 to 90° F., it was found fliat manual labor caused the 
body temperature to rise to 102° and frequently to 103° when hu- 
midity exceeded 95 per cent.*® Physiological and psychological changes 
under these conditions included a rapidly increasing pulse, a marked 
loss of weight accompanied by physical weakness, exhaustion, and 
difficulty in carrying on mental work. When the air movement was 
stirred up to a velocity of between 400 and 500 feet per minute, the 
physical changes and the feelings of discomfort disappeared. It is evi- 
dent in this, as in other studies, that the “cooling power” of the moving 
air is the most important factor in determining the comfort and effi- 
ciency of the workers. 

Vernon, Bedford and Warner have taken advantage o'f the varia- 

*°R. R. Sayers and D. Harrington, “Physiological Effects of High Temperature and 
Humidity with and without Air Motion,” U. S. Bureau of Mines, Report of Invest^- 
tion, Serial No. 2464. 

H. M. Vernon, T. Bedford and C. G. Warner, “The Relation of Atmospheric Condi* 
tions tq the Working Capacity and Accident Rate of Miners/’ Ind, Pat, Res. Bd. Rep., 
No. 39 (1927), pp. 34. 
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ticms in atmo^eric conditions in coal mmes to determine tlieir in* 
fluence upon t&e ^ciency of miners. In certain mines, where tempora- 
ture is ai^ros^^tely 60^* F. at the surface and increases about U° 
for every thousand feet in depth, the temperature may exceed 100° F. 
There are also marked variations in the humidity or moisture content 
of the air. Since the facility with which coal is mined differs greatly in 
different mines, the investigators depended upon duration of voluntary 
rest pauses and the time taken to fill tubs in measuring the efficiaicy 
of workers. In the case of 138 men, observed for an average period of 
96 minutes each, the investigators found that miners working under 
the more satisfactory atmospheric conditions rested for 7 minutes per 
hour, while those working at the higher temperatures rested on the 
average of 22.4 minutes for each hour. In addition, the latter took 9.6 
minutes to fill a half-ton tub of coal in comparison to 8 minutes taken 
by those working at lower temperatures. The average working ca- 
pacity of those working under the less favorable conditions was 41 per 
cent less than of miners working under the better atmospheric con- 
ditions. 

A later unpublished study of 340 men, observed for an average 
period of 97 minutes each, showed that the time taken for rest is more 
closely associated with the dry bulb factor than with the wet. The in- 
vestigators in this later study, Bedford and Warner, point to the desira- 
bility of a much more complete analysis of the various factors with a 
more satisfactory criterion than that of duration of rest pauses. How- 
ever, the results suggest that in a hot dry mine working conditions and 
efficiency might be improved by the use of artificial humidification. 

In another investigation ®® SOO sets of observatioiK on temperature 
and air velocities in various pits showed that time lost from sickness 
was greatly influenced by temperature. Miners working in higher tem- 
peratures experiencing 65 per cent more sickness than those working 
at lower temperatures. This is evident in Table 61. While velocity also 
i^peared to play a part in determining sickness, the exact influence 

TABLE 61 

Influence of Temperature upon Sickness 

SAKOE OV DRir BVU PERCENT OP TIME LOn RANGE OP WET BVU PERCENT OP TIME LOST 

TEMPERATURE PROM SICKNESS TEMPERATURE PROM SICKNESS 

Under 70 degrees 3.0 Under 66 degrees 3.0 

70 to 79.9 degrees 4.S 66 to 69.9 degrees 4.2 

80 or more degrees 4.9 70 or more degrees 5.0 

(After Vernon, Bedford and Warner) 

**£(eventft Annual Report, Industrial Health Research Board, London, (1931), p. 59. 

** H. M. Vernon, T. Bedford and C. G. Warner, “A Study of Absenteeism in a Group of 
Ten CoUieries,” Ind. Fat. Res. Bd. Rep., No. SI (1928), pp. 58. 
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of this factor could not be determined because of differences in other 
variables, particularly age, in the case of the men investigated in this 
study. 

The Research Laboratory of the American Society of Hitating and 
Ventilating Engineers has made use of psychrometric rooms, provided 
with the most modem air conditioning equipment, to determine the 
effect of variations in temperature, humidity and air movement. A se- 
ries of experiments, involving in all 130 subjects, showed that “the 
optimum temperature for individuals at rest, or otherwise engaged in 
light activity in still air and normally clothed” to be 64.5 effective tem- 
perature.** It is recognized that the optimum temperature for a par- 
ticular indiistry depends upon the nature of the work performed. More 
body heat is produced in connection with heavy muscular work than 
in connection with light muscular work and it is, therefore, necessary 
to increase greatly &e cooling power of the air in order to effect a 
greater heat loss from the human body. The conditions of work in a 
steel or tin rolling mill require an entirely different treatment of the 
air to promote the comfort and production of the worker than does 
work in a laundry, in the assembly room of a radio manufacturing 
plant, or in other forms of light labor. Considerable experimental work 
remains to be done to determine the optimum effective temperature 
for individuals doing various amounts and kinds of work. The experi- 
ments conducted by the Research Laboratory of the American Society 
of Heating and Ventilating Engineers, by Ae Industrial Health Re- 
search Board and by other organizations, are making possible a stand- 
ardization of these conditions for many different representative in- 
dustries. 

5. ELIMINATING UNNECESSARY FATIGUE THROUGH ECONOMY OF 
EFFORT 

Inefficient working methods and badly designed machines pd tools 
are responsible for a tremendous waste of human effort, increased 
dissatisfaction in work, and reduced output. The demonstration that 
output can be increased and fatigue reduced by the elimination of use- 
less movement through changes in methods of work and in machine 
and tool design, and by the rearrangement of materials and tools, rep- 
resents perhaps the most important contribution of scientific manage- 
ment. Taylor’s classic experiment in loading pig iron,*® Thompson’s 

C. P. Yagloglou, op. cit., p. 388. Effective temperature is a temperature obtained by 
considering the combination of dry and wet bulb temperatures. A psychrometric chart de- 
veloped by the American Society of Heating and Ventilating Engineers* Research Labora- 
tory malffR H possible to determine the effective temperature and the warmth and com- 
fort of any combination of dry and wet bulb temperatures in still air. Additional tables 
make it possible to determine the amount of air velocity necessary to overcome increase in 
temperature and humidity in maintaining a standard condition of body warmth and com- 
fort. 

See pages 10-13. 
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investigation of ball bearing inspection Gilbreth’s analysis of brick 
laying,*^ are &e first of a long series of investigations which have 
veritably revolutionized both working methods and machine design in 
many industries. The significance of improved techniques has bera 
further increased by supplementing the objective of increased output, 
— of improved economic efficiency — ^with an emphasis upon human 
wdfare — Mividual fitness — as a necessary criterion in judging the 
effectiveness of these techniques. The narrow selfishness of earlier 
years has bean supplanted by a broader social self-interest which ac- 
cords to physiological and psychological values a place left vacant in 
a system that was neither good science nor good management in its 
neglect of a variable — the human factor — which, in spite of the 
grandeur of its machine setting, plays the most important role on the 
stage of industry. 

The elimination of useless movements represents one of the distinc- 
tive approaches in promoting economy of effort. The elimination of 
such movements involves a complete study of methods of work and 
the determination of the best way, or best ways, of working. Procedures 
for accomplishing this have already been described in the chapters on 
training (See Chapter XX) , in which reference has also been made to 
their significance from the viewpoint of fatigue reduction.*® 

Perhaps equal in importance to the way work is done is the posture 
adopted in work, the load carried, and the distribution of load when 
ca r rying or lifting are involved. The influence of posture is shown, for 
example, in the fact that 30 calories ** per hour are required for dish 

See page 13. 

97 See pages 13-15. 

The literature on the analysis of skilled movements as they affect economy of effort 
has recently been reviewed in the following article, which also contains a lengthy bibliog- 
raphy on experimental work in this held. L. D. Hartson, ''Analysis of Skilled Movements/' 
Pers. J., 11 (1932), pp. 28-43. 

The output of energy in work is often expressed in terms of units of heat or calories 
expended in the course of work. "The output of energy by a subject may be determined 
in two ways; either by direct or indirect calorimetry. The common unit of measurement 
utili^d for all assessments, that is, for the expenditure both at rest and during work, is 
the large or ^lo calorie. 

In direct calorimetry, the subject is enclosed in a special chamber which is so arranged 
that all the heat given off by the subject can be measured directly as heat. As a rule, com- 
bined with the special apparatus for the determination of heat, all the air passing into and 
coming from the chamber can be ineasured and analysed, that is, direct and indirect 
calorimetry are combined. The objection to such calorimeter methods for the examination 
of a subject performing ordinary work, is that the chamber is apt to limit his movements 
and the conditions are always artificial. 

In indirect calorimetry, the energy output is computed from chemical measurements of 
the respiratory exchange. By the Douglas-Haldane method, when a determination is being 
carried out, the subject wears a mouth -piece or a face-mask equipped with two one-way 
light rubber valves. One of these valves communicates directly with the outside air and 
serves for inspiration; the other valve, which is connected by means of a length of rubber 
tubing to a large gas-tight bag carried on the back of the subject, serves for expiration. 
The expired air of the period, usually two to three minutes during a work experiment, is 
then carefully measured and a sample is drawn off into a gas sampling tube for analysis. 
The gas is analysed in a Hgldane apparatus and the amount of oxygen (00 used, and the 
amount of carbon dioxide (COs) given off in the period of experiment, are determined. The 
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washing on a table 65 cms. in height; 24.4 calories frith a table 100 
cms. in hei^t and 20.3 with a table 85 cms. in height.^**** 

Illustrative of studies on the energy cost of various postures and 
distribution of loads is an investigation of Bedale,^"^ who used pulse 
rate, blood pressure, oxygen consumption and caloric expenditure to 
measure the amount of energy expended when weights varying from 
20 to 60 pounds were carried in each of 8 positions suitable for carry- 
ing loads. One trained laboratory subject was required to carry loads 
varying in weight from 20 to 60 pounds over a route 100 yards in 
length at a pace of about 2.8 miles per hour for a period of 2 hours 
every morning. In order to represent ordinary working conditions the 
load was not carried continuously, but each circuit with loaded tray 
or other carrier was alternated with another complete circuit in which 
the subject carried only an “empty.” The 8 modes of carriage em- 
ployed in the course of the investigation were as follows: 

1. Tray carried in front of the body. 

2. Tray carried in front but with the weight taken off the arms by a 
strap around the shoulders and fastened to the corners of the tray. 

3. Weight tied in equal bundles and carried at the sides of the body 
in either hand. 

4. Weight distributed over a board carried on left shoulder. 

5. Weight carried in tray on left hip. 

6. Weight carried in a rucksack. 

7. Weight divided equally between two pails and carried on a 
shoulder yoke. 

8. Weight carried in a tray upon the head. 

The results show that carrying the load on a yoke represents the 
most efficient method from the viewpoint of physiological cost to the 
worker. Hip carrying is metabolically the most costly method of trans- 
porting material for every weight. This apparently is most disadvan- 
tageous with respect to all four factors influencing carrying, viz., 
local strain, posture, gait, and chest freedom. The figures show that 
regardless of the way in which the load is carried the cost of work per 
horizontal kilogrammeter rises with the load carried, although no at- 
tempt was made in this experiment to determine the weight of the 
most suitable load. 

The findings of Bedale on the cost of carrying loads have been con- 
firmed in a later study, involving an additional subject, by Cathcart 

ratio o£ CO 2 excreted to Os absorbed is then obtained. The volume of oxygen utilized in a 
given period, say one minute, is converted into an assessment in heat units by multiplica- 
tion with a factor determined experimentally and based on the COr-0« ratio.” (E. M. 
Bedale, '^Comparison of the Energy Expenditure of Woman Carrying Loads in Eight 
Different Positions,” op. cit., p. 2.) See Plates VI and VII. 

L. Wheeler, “Measuring the Energy Cost of Work,” Ind, Psychology, 1 (1926), 

p. 629. 

E. M, Bedale, “Comparison of the Energy Expenditure of a Woman Canying Loads 
in Eight Different Positions,” Ind. Fat, Res. Bd. Rep., No. 29 (1924), pp. 1-27. 
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and otliers.^^^ In this study it is ag^ found that any posture winch 
brings about it considerable departure from the erect posture, which 
induces local ptrain, etc., leads to a high physiological cost. A study of 
optimum load leads the investigators to conclude that a load of 40 
per cent of the body weight should not be exceeded by women engaged 
in continuous work, whereas for occasional loads the figure of 50 per 
cent of body weight is a permissible maximum. For the average adult 
woman a load of about 45 pounds would appear to be optimal for con- 
tinuous carriage, although the body of the average weight worker would 
not be strained if the maximum were placed at 50 pounds. The investiga- 
tors recommend that in the case of young women from 16 to 18 years 
of age a load of 40 pounds should not be exceeded; for girls from 14 
to 16 years of age, a load of 35 pounds should be the maximum. An 
interesting t^-product of this study is the finding that where the 
worker is free to choose her own load, the actual weight selected gen- 
erally conforms to the physical capacity of the worker. 

An investigation on the physiological cost of different methods of 
work and dMerent loads in hauling bricks on a wheelbarrow is re- 
ported by Crowden.^®^ Physiological cost was measured by oxygen 
consumption during work (Plate VI). Air expired in the course of 
30 minutes of work (collected in a Douglas-Haldane bag) was com- 
pared with a 10-minute collection of expired air obtained after a rest 
period of 30 minutes immediately preceding work and with a 10-minute 
collection obtained during rest immediately subsequent to work. The 
experiment included measurement of air consumption in wheeling a 
barrow at a slow walk, a normal brisk walk, at a very quick walk, and a 
gentle run. The results obtained, shown in Table 62, indicate that, from 
the viewpoint of physiological cost, the optimum rate for wheeling a 
barrow is at a normal brisk walking pace. An analysis of the load, of the 
methods of loading the barrow and of the tension exerted upon the arm 
by various handle heights showed that these affected physiological cost 
of work and led to the adoption of optimum load and of an arrangement 
of load which entails a minimum expenditure of energy and permits the 
greatest comfort to the worker. These necessarily involved changes in 
the design of the wheelbarrow. An interesting observation of the in- 
vestigation is that the normal cycle of work (1) loading the barrow, 
(2) pushing the barrow, (3) unloa'ding the barrow, (4) returning with 
the empty barrow, provides the worker with almost all the advantages 
obtained by rest pauses under other conditions of work. 

The elimination of fatigue involves not only a complete study of 
methods of work, posture, etc., but a very careful analysis of machine 
design in order to eliminate the unnecessary or uncomfortable move- 

10* E. P. Cathcart and othm, “The Physique of Women in Industry,” Ind, Fat. Res, Bd. 
Rep., No. 44 (1927), pp. 140. , • , . , 

G, P. Crowden, “The Physiological Cost of the Muscular Movements Involved in 
Barrow Work,” Ind. Fat. Res. Bd. Rep., No. SO (192S), p. 22. 
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ments resulting from a failure to consider the human element in building 
the machine. Until recently the dominant emphasis in machine con* 
struction has bear on the adaptation of man to machine, rather 
upon the adjustment of the machine to the human limitations in the 
way of posture, reach, speed, rhythm, etc. This unilateral viewpc^t 
has proven to be inadequate because oif the waste of human effort, ^e 
decrease in production and the feeling of dissatisfaction engendered by 
a neglect of the reciprocal relation between the individual and the 
machine he operates.^®^ 

The neglect of this relationship is evident, for example, in the con- 
struction of one of the most frequently used machines — the typewriter. 
An anal}rsis, by Hoke,^®‘ of the distribution of movements in type- 
writing showed that of 37,356 movements only 16,055 were struck by 
the right, or more efficient hand, and 21,301 by the less efficient left 
hand. When the efficiency of individual fingers and the frequency of 
appearance of various letters of the alphabet are taken into account, it 
appears that the percentage of ideal load for the first finger of the 
right band is 135.8, for the second, 58.4, for the third, 100.5, for the 

TABLE 62 


Physiological Cost of Wheeling Barrow at Various Rates 



SLOW 

NORMAL 

VERY 

GENTLE 


WALK 

BRISK 

WALK 

QUICK 

WALK 

RUN 

Excess 0^ 

. 2,520 cc. 

2,480 cc. 

4,040 cc. 

3,660 cc. 

Relative values 

1.01 

1 

1.63 

1.47 

Excess O 2 

. 2,515 cc. 

2,280 cc. 

4,405 cc. 

3,887 cc. 

Relative values 

1.1 

1 

1.77 

1.7 

Excess O 2 

Relative values 

. 1,560 cc. 

1,240 cc. 

2,040 cc. 

1,960 cc. 

1.26 

1 

1.64 

1.58 

Mean relative values . . 

1.12 

1 

1.68 

1,58 


(After Crowden) 




fourth, 30.6. In other words, the first finger of the right hand is over- 
loaded and the second finger under-loaded. With a percent of ideal load 
of 153.0, the second finger of the left hand is also shown extremely 
over-loaded. Hoke recommends a rearrangement of the typewriter 
keyboard, as shown in Fig. 72, to make possible a more eff^ive use of 
energy in typing. 

Studies of t 3 rpewriter construction by Lahy, extending over a period 

ii>« A. GenelU aad A. Galfi, “Sur L’Adaptation de I’ActiviU Humalne i I’Activiti de la 
Machine,” Rev. de ia Set. du Trav., 3 (1930), p. 324. 

E. Hoke, The Improvement o/ Speed oad Auiiracy in Typewriting, BatUmoie, 
1922, pp. 118. 
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of 20 years, have also shown the need of major changes in tins ma> 
chine to provide a satisfactory balance between psycho-physiological 
trends in hun^ response and machine operation. The so-called uni- 
versal keyboard, according to Lahy,^®^ by grouping most frequently 
used letters in regions where they can presumably be most easily 
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FiGUBS 72, Suggested Rearrangement of Typewriter Keyboard 
(After Hoke) 


reached, neglects the influence of combination of letters on rapidity of 
stroke. An analysis of the duration of intervals separating successive 
letters has shown that the interval is significantly shorter when alter- 
nate hands, instead of the same hand, are used. The desirability of re- 
arranging type to provide the most frequent alternation of hands in 
combinations of strokes are suggested by this finding. In his most re- 
cent work, in association with Estoup, by photographically recording 
rapid movements on the typewriter Lahy ^®* has found that the reac- 
tion time for automatized voluntary movements, as determined by in- 
tervals between strokes on the typewriter, ranges around 0.03 sec. An 
analysis of construction features influencing the “touch” of the ma- 
chine — the feeling of “lightness” and “heaviness” experienced in its 
operation — and of the “dove-tailing” of successive strokes furnishes 
further evidence on the importance of collaboration between engineer 
and psychologist in machine construction as an aid in promoting hu- 
man efficiency. 

Characteristic defects in machine design are described by Legros 
and Weston,^®® who have investigated the construction of laundry ma- 
chines, leather working machines, boring mills, and other factory 

io«J. M. Lahy, **Le8 Signes Physiques de la Superiorite Professionnelle chez les Dac- 
tylographes,” R, R, Acad. D. Set., Paris, 1913. 

J, M, Lahy, “French Psychologists Improve Typewriting,” /«rf. Psych,, 1 (1926), pp. 
333-337. 

J. M. Lahy and H. Estoup, “Etude Graphique de la Frappe Dactylographe,” Rev. 
de la Sd. du Trav., 2 (1930), pp. 171-85. 

L. L. Legros and H. C. Weston, “On the Design of Machine in Relation to the Oi>era* 
tor,” Ind. Fat. Res. Bd. Rep., No. 36 (1926), pp. 34. 
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equipment. Ironing machines, for example, were found to have a pedal 
movement requiring the worker to support her wei^t on one foot dur- 
ing a large part of the working day. In the operation of a leather work- 
ing machine the weight is supported on one foot and the madiine con- 
trolled with the heel of the other. In the case of the vertical boring 
machine, controls are located on the outer sides, requiring the worker 
either to reach over, at the expense of much local strain, or to move 
from his position between the two tables to operate them. In this study 
the difficulties in gathering data on the mechanical energy used in per- 
forming the machine tasks were such that the investigators were able 
only to arrive at a classification of the factors in machine and design 
construction that may tend to produce unnecessary fatigue without 
offering exact data on the effects of each in the case of the plants which 
were studied. The principal factors are classified by these investiga- 
tors as: 

1. Movement (extent, kind, speed, rhythm, and combinations of 

these). 

2. Posture (height, position of work). 

3. Effort (includes all machines in which the operative supplies the 

motive power and also operates the controls; also some in 
which the operation of the control is laborious, such as 
steering heavy vehicles). 

4. Danger (machines, the working of which is attended by risk of 

being cut, crushed, or drawn in). 

5. Shock (arrested movement or cessation of resistance). 

6. Vibration (of the whole machine or of the part held or part op- 

erated). 

7. Noise (produced by the machine or the material on which it 

operates). 

8. Obstruction (of part of machine to the operative or his vision). 

9. Motion (parts of machine moving through a large angle of 

vision). 

10. Adjustment (affected by uncontrollable causes involving un- 
comfortable posture and avoidable work). 

Fatigue is increased not only by unsatisfactory machine design but 
also by an unsatisfactory arrangement of material. As in the case of 
the machine, this involves unnecessary movements, excessive reaching, 
and other activities which may grossly affect the output, the physiologi- 
cal cost of work, and the comfort of the worker. 

On many jobs the worker must reach for tools and materials hun- 
dreds, often thousands, of times a day.’“ A rearrangement of the ma- 
terial, an alteration in the height of a bench, a small decrease in the 
distance of a bin, may save an enormous amount of muscle strain, 
body movement and discomfort, as well as increase production. Inter- 

G. H. Miles and A. B. Eyre, “Ease and Speed of Work,” Industrial Psyckvlogy (ed- 
ited by C. S. Myers), London ( 1929 ), p. 94 . 
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nq>tions of rbi^bnic action serve to disturb efficiency and to iiKxease 
the cost of wt^rk. The feelings of annoyance and irritation contri^te 
further to disiurb maladjustment growing out of the neglect of this 
apparently obyious but often disregarded variable. 

6. THE tNFLtilBNCE OF SPEED AMD RHYTHM OF WORK 

Speed and rhythm of work imposed by the machine, by the moving 
bdt, and by other conditions of work grossly affect the efficiency of the 
worker. The findings of laboratory and plant studies have shown that 
the automatic machine and the moving belt almost universally tend to 
increase the rate of production. Although the situation, in most in- 
stances, is confused by the introduction of new standards and new 
wage scales ^multaneously with the introduction of a new automatic 
machine or a change-over to a moving belt, there is reason to believe 
that increased production is partly due to the regular and rhythmic 
character of work under these conditions as compared with the prog- 
ress of output when the tempo is under the control of worker. The 
influence of rhythm, isolated from other variables, is well illustrated 
in an investigation by Reinhardt in which 8 boys, 14 years of age, 
were required to sort 204 metal plates, each 30 mms. square. Among 
these were 90, divided into 6 groups of 15 numbered from 1 to 6 re- 
spectively. Each of the numbered plates was sorted into a separate 
compartment, the remaining plates being placed into another recepta- 
cle. The work was carried on for 2 hours. The subjects were divided 
into 2 groups, one working in rhythm with a metronome and the other 
at a free tempo. Eight months after the original investigation the ex- 
periment was repeated, the groups being reversed. It was found that 
rhythm increased production by 17.8 per cent. The rhythmic work was 
also accompanied by less fluctuation in the rate of work and by a 
marked increase in the interest and satisfaction of the subjects, who, 
in general, expressed themselves as feeling less tired when working 
with an imposed rhjrthm. Individual differences in this respect are, 
however, noted by the author.^** 

Similar experiments with students and apprentices as subjects, work- 
ing on simple, heavy tasks and complex, light tasks give approximately 
the same results. In the case of cdmplicated, heavy work, the use of 
the metronome fails to lead to an improvement of output because the 
numerous elements in this task (21) interfered with the establishment 
of a fixed rhythm. 

The influence of rhythm has also been investigated in a laboratory 
study by Diiker designed to determine (a) whether work on the 

Reinhardt* “Rhytbmtifl and Arbeitsleistungi” Ind, Psychol,, 3 (1926), pp. 225^237. 

11* See pages 435-37. 

11* H. I>uker, *'PsychoK>gische Untersucbungen iiber die Arbeit am laufenden Band/’ 
ind, Psychol., 6 (1929), pp. 214-24. 
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moving bdt, characterized by rhythm, increases productum; (b) the 
effect of sudbi work on the feding of fatigue; and (c) the reasons for 
such differences between work on the moving belt and under other 
conditions entering into the ezperiment. As an intellectual task the 
experimenter employed a series of continuous additions similar to 
those used in Kraepelin’s original investigaticms on the worir curve. For 
manual work the subject was required to run a needle throuj^ a series 
of dots placed on a moving roll of paper. In one phase of each task the 
subject controlled the rate of presentation of each unit of work; in the 
second phase the work was done at an imposed regular rate. The in- 
vestigation involved IS minutes of work each day for a period of 8 
days. 

Output was significantly greater and errors significantly less when 
the tempo of work was imposed from without than when the worker 
set his own pace. In addition, introspective reports by the subjects 
clearly indicated that they experienced less fatigue and felt more satis- 
fied with the work under the first conditions. An an^ysis of the in- 
trospective reports leads Diiker to conclude that work on the moving 
belt, at an imposed tempo, is advantageous because it rdieves the 
worker of the need of exercising volitional effort in carrying on the 
work. On the moving belt energy is expended only on the work itself, 
whereas, when work is done at a free tempo, to the energy expended 
on the operations of the job must be added that involved in its voli- 
tional direction. In the absence of rhythm, as Myers”* has also 
pointed out, conscious efforts have to be invoked to carry on the work 
which, in addition, is not characterized by the smooth flow of co- 
ordinated movement t3rpical of rhythmic work.^*® 

Further investigations of this type, in the industrial situation, sup- 
plemented by exact measurement of the physiological cost of work, 
are needed. Although there is universal agreement that the machine 
and the moving belt, partly by reason of an enforced rhythm, speed 
up production, there appears to be reason for questioning the effect of 
such increased speed upon the ultimate effectiveness or physical and 
mental fitness of the worker. Hill has shown, for example, Aat ap- 
proximately four times as many calories are expended (115) in walk- 
ing a mile at 5 miles per hour than in walking this distance at the rate 
of 2 miles per hour (30).”® A very quick walk in wheeling a bwrow 
involves 1.68 the amount of energy consumption as in wheeling it 
at a normal, brisk walk (Table 62). On the other hand, very slow 
movement, as in climbing a mountain, is a waste of time and does not 
prevent one from becoming fatigued.^*'' 

C. S. Myere, /wrfiwtrifl; fiycWory w London, 1926, p. 55. 

The effect of rhythm on fatigue in repetitive work ia closely associated with the In- 
cidence of monotony and individual differences in susceptibility to monotony on repeti- 
tive tasks. These problems are discussed in Chapter XXTV. 

A. V. Hffl, Living Uaehintry, New York, (IMS), p. ISS. 
p. 19S, 
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The efficient^ of working on practically every task, i. e., the ratio of 
the work done to the energy expended in doing it, rises up to a certain 
speed and falls off again.^** For every type of work there exists an 
optimal speed,' wUch will make it possible to get as much as is possiUe 
done with the least expenditure of energy and without increasing the 
feeling of fat^e, discomfort, and ill health.^^^ The determination of 
these speeds, from the viewpoint of human efficiency, is an almost un- 
touched field. They have been fixed again and again, for many types of 
work, with respect to hipest rate or amount of production, but there 
is reason for believing that this rate often conflicts with the optimum 
welfare of the worker. The effect of variations of speed upon fitness 
remains a fertile field of investigation by the industrial psychologist. 

7. THE EFFECT OF NOISE 

Casual observation in the industrial plant and in other surroundings 
has suggested that excessive noise may adversely affect output and 
fatigue. One of the earliest studies of the effect of noise upon produc- 
tion and upon energy output necessary for production is a laboratory 
study by Morgan,^*® in which the subjects were required to translate 
letters into numbers and numbers into letters by means of a code, the 
difficulty of which varied in different parts of the experiment. Trans- 
lations were recorded on a typewriter. Production was measured 
quantitatively in terms of number of units translated, and qualitatively 
in terms of accuracy. Energy expenditure was measured by noting 
changes in character of breathing, the rate of breathing, and the 
amount of pressure exerted upon the keys used in recording the trans- 
lation. 

The noises included a variety of buzzers, electric bells, and a series 
of 6 phonograph records. In the progress of the experiment quiet 
periods were alternated with noisy periods. In the case of every sub- 
ject the introduction of the noise served at first to slow the time taken 
for translating the code. However, the decrease in rate of output was 
quickly followed by a rapid rise in speed of work. In the case of 6 of 
the 8 subjects, better records were obtained during the noisy period 
than during the quiet period. In so far as quantity and quality of pro- 
duction are concerned, noise not, only failed to slow up work but 
seemed to have a “dynamogenic effect” in spurring the subject to in- 
creased activity. However, the records of key pressure showed that 
greater effort was exerted through the noisy periods than in the quiet 
periods and that expenditure of energy was at its maximum at the be- 
ginning of the noisy period. A rising breathing curve gave further indi- 
cation of the effort required for adjustment to the new situation, par- 

p. 203. 

204. , 

J. J. B. Morgan, “The Overcoming of Distraction and Other Resistances,” Arei. of 
Psydiv 35 (1916), pp. 84. 
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ticularly at the begi^ng of the noisy period. However, as a result of 
strain uid “articulation” of breathing, the adverse effect of noise upon 
production was overcome, and these, associated witih Uie enforced 
attention to the task, led to an increased production in the noisy 
as compared with the quiet period. 

The cost to the organism of work under noisy conditions is illus* 
trated in a laboratory mcperiment by Laird at Colgate Univer* 
sity. Four tjrpists, 2 men and 2 women, spent 2 hours a day for 4 
weeks copying the same letter ^ain and again. Work was done in a 
special cubicle test chamber 10 feet in each dimension, lined with 
Acousti-cellotez building board and panels. (See Plate VII.) Noise 
was produced by mechanical means. During the first and last week 
of the experiment “quiet” conditions were maintained by the use of 
the Acousti-cellotex panels, whereas during the middle 2 weeks 
“noisy” conditions were maintained by removing these panels.^®* 
After a uniform breakfast the 4 typists were “weighed-in,” en- 
tered the test chamber and had their masks attached at 8 a. m. For 
one-half an hour each sat in front of a “noiseless” typewriter in the 
position assumed when typing but without actually typing. A sam- 
ple of exhaled air was collected, by means of a Douglas bag, at 8:30 
A. M. and analyzed to determine the amount of energy expended 
while resting. At 8:30 a. m. the noise machine was started^ (with or 
without the sound absorbing panels) and the t}rpists were instructed 
to work at top speed. Every 15 minutes during the 2 -hour work 
period a sample of exhaled air was collected and analyzed to de- 
termine the callories expended per minute of work. An analysis of 
exhaled air showed that during the noisy phase the average expendi- 
ture of energy was 71 per cent higher during typing than in the 
resting period; while in the quiet phase the average increase was 
only 51 per cent. Introspective observations also indicated the ex- 
istence of a curve of annoyance during noisy conditions of work. 

The working hypothesis of this investigation is that noise does 
not affect the nerve cells of the ear but serves as a natural stimulus 
to the fear reaction. This according to the investigator leads to an 
excessive dissipation of energy, through increased muscle tonus, 
even though there is no consciousness of fright. The fact that dif- 
ference in energy output appears as early as 10 minutes after typing 
had begun is cited by the investigator in support of this “fear- 
reaction hypothesis” on the assumption that fatigue would not ap- 
pear so early. _ / 

Additional experiments, including the examination of the effects 

D. A. Laird, “Experiinents on the Physiological Cost of Noise,” J. Nat. Inst. Ini. 
Psyeh., 4 (1929), pp. 2S1-S8. 

Tile intensity of noise was measured by the Western Electric 3A Audiometer which 
measures the intensity of either a pure tone or of a complex noise in units of “sensation” 
or “audibility.” In this experiment the intensity during the noisy period was 50 units, 
which is aniroximatety average for the New York office; during the quiet period 40 units. 



Plate V11« The effect of noise on energy expenditure is determmed by 
analysis of the air exhaled under quiet and noisy conditions. 
The mask, with sepcrrale inlet and outlet valves, fits over 
the mouth a^d nose. The dir of the room is inhaled, and the 
exhaled air, having passed through a short tube, can be 
collected and analysed. An operator quickly becomes ac- 
customed to the mask; for nine months each of three sub- 
jects slept with a similar mask strapped to his face. 

Of special interest are — the wall of Acousti-celotex in 
the background; the calculog^aph for recording time and 
the electrical connections to the noiseless typewriter for 
measuring output. The typist maintained a speed of ISO 
words per minute, 

B. The exhaled breath is collected in the Douglas hag on the 
table. All but the small sample required for analysis is 
passed through the meter behind it, and the amount exhaled 
per minute is determined. The sample is analysed in the 
Orsal apparatus to which the experimenter is pointing. On 
the wan is the Tycos Psychrometer which records dry-bulb 
and wet-bulb temperatures. 

{After Laird) 




Plate VIII 



Apparatus employed in the study of susceptibility to Monotony 
(After Wunderlich') 
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of noise upon wMte rats as wdl as upon man, are being carried on 
both to investigate the exact nature of these effects and the Valh)^ 
of the hypothecs. However, as interesting as these findings may be, 
the results of a laboratory esperiment, in whidi conditions of work 
differ markedly from those fotmd in the industrial plant, cannot be 
applied directly to the plant situation, although they may have con- 
siderable bearing on the orimitation of industrial stutfies and on the 
development of techniques to be employed in such stu(^. 

The effect of noise on the production of typists under actual office 
conditions has been examined by Komhauser who observed t^ 
records of 4 t}rpists engaged in turning out routine sales letters in a 
4-day experiment conducted in a large Chicago office. Two of the 
girls spent the first 2 days in a comparatively qtiiet office and the 
last 2 days in a noisier office. This order was reversed for the other 
2 subjects of the experiment. 

Records of the work showed that 3.2 per cent more lines were 
written under quiet conditions. However, ffie wasted lineage, in the 
form of discarded letters, was 23 per cent greater in the quiet than 
in the noisy room so that the net figures for total completed letters 
favored the work under noisy conditions by 1.5 per cent. In the 
noisy room there were 1.7 per cent more errors than in die quiet 
room. 

In order to measure the effect of noise upon feeling tone the typ- 
ists were asked to make a report at the end of each half-day on the 
following scale. 

6. / feel that 1 have been working very much harder than usual. 

5. 7 feel that I have been working considerably harder than usual. 

4. 7 fed that 7 have been working a trifle harder than usual. 

3. 7 feel that I have been working about as hard as usual. 

1. 7 fed that I have been working not nearly as hard as usual. 

The average rating for the noisy office was 3.1 and for the quiet 
office 3.3, indicating no difference in feeling tone. 

Relative loss of efficiency under the two conditions was examined 
by noting variations in speed and for number of errors for success- 
ive half-hour periods. No decrease in speed was found in either 
condition. There was an increase in errors in both but no significant 
difference between the quiet and noisy conditions of work. The re- 
sults of this experiment are smnewhat affected by the fact that the 
difference in noise between the two rooms was not extremely large 
and by other variables, such as number of people passing uroug^ 
each of the two rooms. Komhauser suggests that '‘an important 
psychological dement to be considered in accounting for the presoit 
results is the fact that the work studied was highly automatic or 
stereotyped. The average typists, as indeed, any experienced worker 

»*A. W. KoiBbaiiwr, "The ESect of Noise on OfBce Output,” Ind. Psyek., 2 (1922), 
pp. 621-33. 
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in a specific operation, has developed a certain habitual levd of per- 
formance wh|i± is maintained under all ordinary conditions, whether 
favorable or^iiot. It is probable that noise decreases efi&dency more 
in activities which are less stereotyped or which greater thought and 
concentratiod of attention are involved.” 

Hie highly specific character of findings in this field £md die dan- 
ger of generjtdizations on the effect of noise upon individual output 
and welfare are well illustrated in the contradictory evidence upon 
the effect of noise upon human efficiency appearing in a number of 
English studies.^**® In an unpublished study by Vernon and War- 
ner a loud phonograph, metronome ticks, electric bells, etc., were 
employed to determine the effect of such noises upon performance 
upon an arithmetic test. The rate of work was accelerated 1.3 per 
cent by the tick of the metronome and 2.6 per cent by the electric 
bell. Following a number of preliminary studies by Lorrain-Smith, 
Pollock studied the effect of noises upon a repetitive manual task 
and upon a simple mental test (word building). In general, work was 
less efficient with noise, whether continuous or discontinuous in 
character, but the difference was not found to be statistically signifi- 
cant. Continuous noise appears to have a more stimulating initial effect 
than discontinuous work. No data is presented on the physiological 
cost of noise, or the effect upon physical efficiency. Although the ob- 
jective effect is small, all subjects reported discomfort under noisy 
conditions of work. 

In a further test involving meaningful and meaningless noise, the 
meaningful noise appeared to decrease the disturbing effect. Sum- 
marizing the results of the various studies, the following conclusions 
are drawn on the effect of noise: 

“(1) No experimental evidence is available to show that automatic 
performance is adversely affected by noise or by vibration. 

“(2) Nevertheless, except with certain ‘meaningful’ noises, there 
is a wide agreement that both noise and vibration are ‘disagreeable’ or 
‘uncomfortable’ accompaniments of work. 

“(3) A continuous noisy background often appears to have an in- 
itial s tim u latin g effect, and this taken together with (2) appears to 
indicate that ffie noise should be regarded as an adverse condition 
which is met by an unwitting increase of effort. 

“(4) With constructive work involving mental effort fairly con- 
sistent slight deterioration is observed, particularly in continued effort. 
Although so far as the experiments go, the deterioration is barely or 
only just statistically significant, it may be ‘psychologically’ significant. 
The consistency of the small deterioration seems to point to diis. 

622. 

Eleventh Annual RePart, Ind. Health Res. Bd., Londoiii (1931), pp. 62-65. 

«« /Wd.,p. 62, 

w7/6id.,p. 63. 



THE ELIMINATION OF FATIGUE SU 

*^(5) Discontinuous noise is more subjectively disturbing than con* 
tinuous noise; ‘meaningful’ noise may be more or less disturbing than 
‘unmeaning’ noise according as it is interesting or familiar.” 

In the industrial situation Weston and Adams *** have examined the 
effect of noise on the output of 6 operatives in a weaving shed. On 
alternate weeks of the experiment the operatives guarded themselves 
against noise by using “ear defenders.” Five of the 6 operatives 
showed a slight increase in output during these weeks, the average in- 
crease for the group being 1.6 per cent. An interesting by-product is 
the finding that after becoming accustomed to the “ear defenders” the 
operatives prefer to work with them because of the subjective feeling 
of greater restfulness present under these conditions. Many more 
studies of this type are needed before valid conclusions can be drawn 
on the effect of noise upon individual efficiency and welfare in the in- 
dustrial plant. 

p. 6S. 
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‘‘As once the microcosm Man against Nature, so now the microcosm 
Machine is revolting against Nordic Man. The lord of the World is 
becoming the slave of Ae Machine, which is forcing him — forcing us 
all, whether we are aware of it or not — to follow its course. The victor, 
crushed, is dragged to death by the team.” ^ 

0. Spengler — and Technics 

A problem of utmost importance in the present-day era of indus- 
trial specialization is the effect of repetitive work upon the worker’s 
welfare and efficiency. “I watched a man,” writes Pound, ^ “shove metal 
rings across six inches of space, to a guide from which they were taken 
automatically through the machine, emerging slotted some seconds 
later, without more human ado. That was his job from morning until 
night, his pay depending upon how many slotted rings passed inspec- 
tion. Eyes concentrated on his little platform, one hand moving ^us, 
the other so, in unending repetition; he missed not one revolution of 
the wheels which were grinding out his life, even as they ground out 
the goods. Economically he was part of the machine — an automatic 
Feeder who chanced to be flesh-and-blood and mind.” 

On such a task the worker does not direct and control the machine, 
but helps it out at points where the machine process remains incom- 
plete. As the attendant of the machine he surrenders himself to its 
rhythm and time. “He supplements whatever human faculties the ma- 
chine lacks, whatever imperfection hampers the machine in the satis- 
faction of its needs. — If it lacks eyes, he sees for it; he walks for it, if 
it is wi^out legs; and he pulls, drags, lifts, if it needs arms. All of 
these things are done by the factory worker at the pace set by the ma- 
chine and under its direction and command. A worker’s indulgence in 
his personal desires or impulses hinders the machine and lowers his 
attachment value.” ® 

Not only as an attendant to the automatic machines, but on assem- 
bly work on the moving belt, in office work on the typewriter, on the 
bookkeeping machine and calculating machine, the unceasing repeti- 
tion of the same task is the order of the day. The substitution of uni- 

1 0. Spengler, Uan and Taehnks, New York, 1932, pp. 90-91. 

* Arthur Pound, The Iron Man in Industry, Boston, 1922, p. 42. 

* H. Marot, The Creative ImpiAse in Industry, New York, 1918, p. 4-S. 
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formity for variety, of an assigned standard procedure and s eq uence 
of operations for dioice of activity in the working situation, represents 
perhaps the major change involved in the transition from the pre< 
industrial to the modern era. 

It requires only the barest comparison to recognize the scope of this 
change. Picture, for example, the work of the carpenter of the eight- 
eenth century, sawing the wood, finishing the joints, assembling and 
gluing the parts of a piece of furniture, painting and polishing it, and 
finally delivering the piece, and discussing its merits with his customer. 
In contrast is the worker in the modern furniture plant — operating a 
saw, or sandpapering, or placing into position one item of a manufac- 
tured piece. For hour after hour he performs the same operation, fre- 
quently without any knowledge of the shape or purpose of the finished 
product, unable perhaps to stop for a moment of conversation for fear 
of holding up the progress of work on the belt which he must tend. 


CONFLICT BETWEEN REPETITIVE WORK AND INSTINCT 

So complete is this transition from age old traditional methods of 
work that it seems reasonable to raise a question concerning both the 
inherent suitability of mankind for such repetitive work, and its effect 
upon the mental development and temperamental adaptability of work- 
ers engaged in it. This question has been raised in many polemics on 
the subject. The chief criticism against repetitive work has come from 
economists and psychologists who point to an inherent antagonism be- 
tween such kind of work and certain of the basic instincts of the hu- 
man race. Their contention is that the behavior of mankind in indus- 
try, as in every other affair of life, is rooted in his unlearned, original 
equipment of instincts,* and that any tendency to run markedly coun- 
ter to these can result only in disaster. 

It is unnecessary in this text to enter into a detailed discussion of 
the nature of instincts, generally covered in elementary texts on psy- 
chology.® It will be recalled, however, that the instincts are look^ 
upon as basic organic sets or psycho-physiological predispositions 

*T. Veblen, The Instinct of Workmanship, New York, 1914, pp. 307. 

® See Chapter XXV, pages S6S-68. 

(a) ^*We may define an instinct as an inherited or innate psycho-physical disposition 

which determines its possessor to perceive, and to pay attention to, objects of a certain 
class, to experience an emotional excitement of a particular quality upon perceiving such 
an object, and to act in regard to it in a particular manner, or, at least, to experience 
an impulM to such action.” (Wm. McDougall, An Introduction to Social Psychology, 
London, 1908, p. 29.) ' 

(b) “Instinctive behavior comprises those complex groups of co-ordinated acts which, 
^ough they contribute to experience, are, on their first concurrence, not determined by 
individual experience, which are adaptive and tend to the well-being of the individual 
and the preservation of the race; which are due to the co-operation of external and in- 
ternal stimuli; which are similarly performed by all members of the same more or leu 
restricted group of animals; but which are subject to variation and to subsequent mod- 
ification under the guidance of individual experience.” (C. L. Morgan, Habit and Instinct, 
London, 1891, pp. 350.) 
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toward particular forms of behavior. They are not determined by in- 
dividual experience, but form part of the original nature of man. These 
natural proclivities are hereditary in character, and represent tenden- 
cies toward behavior which have remained deeply embedded in the 
present representatives of the human race as a result of a long process 
of selection — of adaptation to environment. 

The instincts are the motivating forces; they are the energizing 
forces underlying human conduct. They are the prime movers in hu- 
man behavior. The general function of instincts is adaptive, to pro- 
mote the well-being of the individual and to preserve the race. Instincts 
are supplemented by intelligence and are ofttimes, in the case of the 
individual, modified to some extent by the environmental forces which 
play upon him. At the same time, the continued participation in a form 
of activity which runs markedly counter to the purpose and direction 
established by the instinctive urges of the race creates tension that 
may be serious in its consequences to the individual. 

“For mankind as for the other higher animals, the life of the species 
is conditioned by the complement of instinctive proclivities and tropis- 
matic aptitudes with which the species is typically endowed. Not only 
is the continued life of the race dependent on the adequacy of its in- 
stinctive proclivities in this way, but the routine and details of its life 
are also, in the last resort, determined by these instincts. . . . Human 
activity, in so far as it can be spoken of as conduct, can never exceed the 
scope of these instinctive dispositions, by initiative of which man takes 
action. Nothing falls within the human scheme of things desirable to 
be done except what answers to these native proclivities of man. These 
native proclivities alone make anything worthwhile, and out of their 
working emerge not only the purpose and efficiency of life, but its sub- 
stantial pleasures and pains as wells.” ‘ 

There is no agreement among psychologists with respect to the num- 
ber and character of instincts. At one extreme is a classification of 
4 basic instincts by Watson, and at the other an arrangement into over 
SO instinctive predispositions by James. The classification by Tead^ 
of ten major instincts can serve as an example of the way in which 
these are generally grouped: 

1. Parental Instinct 6. Instinct of Self-Abasement 

2. Sex Instinct 7. Herd Instinct 

3. Instinct of Workmanship 8. Instinct of Pugnacity 

4. Instinct of Acquisitiveness 9. Play Impulse 

5. Instinct of Self-Assertion 10. Instinct of Curiosity 

The instinct with which the repetitive work of the modern industry 
seems to come most seriously and most frequently in conflict is the in- 
stinct of workmanship, or the creative instinct. According to those who 
view tUs conflict seriously, the individual is endowed with an urge for 

• T. VeUen, op. dt., p. 1. 

' 0. Tad, Instinctt m Industry, New York, 1918, p. 11. 
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creative experience in his work. There is a desire to be actively associated 
with the preparati(Hi of the product in its entirety and witii the use of 
that product. The specialization of modern industry allows no oppor- 
tunity for the display of this creative impulse — of the instinct of work- 
manship. The worker engaged in the unending repetition of the same 
task, his interest centered upon the single bolt on the assembly line, 
upon the single operation of tying a torn thread on a spinning machine, 
finds no satisfaction of the urge toward active association with the 
finished product. 

As a reaction to this unending monotony he seeks escape. This may 
take the form of an absorption with the few flowers or the few vege- 
tables raised in the back yard of his suburban home. More often, in die 
crowded conditions of the industrial city, the urge for escape expresses 
itself in a search for the staccato sdmulation of the jazz orchestra, the 
lurid cinema film, the bright lights and the gay inconsequential amuse- 
ments of Coney Island and the side show of the circus. In the rise to 
success against adversity of the moving picture hero, in the escapades, 
in million dollar settings, of his favorite moving picture “queen,” the 
worker finds satisfaction for the absence of creative experiences in his 
work. Over-fatigued by the very specialization of the work itself, or 
as a result of limitations in intellect or interest, satisfaction is not 
sought in the creative experience of home, of the arts, of reading, but 
in more superficial and titillating substitutes for creative experiences. 

Unfortunately, compensation for thwarted instincts does not always 
take this relatively harmless form. At times the mind of the worker, 
freed by mechanization from attention to his task, indulges in pessi- 
mistic day-dreaming^ on his thwarted hopes. This leads to dissatis- 
faction with work, mental disturbances, and perhaps a complete dis- 
integration of personality. At its best, it creates strains and stresses 
whidi grossly affect the physical and mental well-being of the worker. 
Directed into group activities, this dissatisfaction helps to lay the 
foundation of mass industrial unrest. The harmonious relations be- 
tween workers and management, the very foundations of industry, are 
shaken by the conflict which often arises from this reaction to mo- 
notonous repetitive work of modern industry.® 

Repetitive work has been criticized not only because it conflicts with 
instinctive tendencies, but because it may limit the very mental alert- 
ness of the individual and through it curtail his contribution to social 
development. The statement of President Hoover that “the vast, repeti- 
tive processes are dulling the human mind” is quoted in substantia- 
tion of this viewpoint. To this is added his plea that “we must take 
account of the tendencies of our present repetitive industries to elimi- 
nate the creative instinct in their workers, to narrow their fields of 
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craftsmanship, to discard entirely the contributions that could be had 
from their miitds as well as from their hands. Indeed, if we are to se- 
cure the devdbpment of our people, we cannot permit the dulling of 
these sensibilHies.” Long habituation to a repetitive, machine-paced 
task, it is said^ makes the worker less adaptable and less alert. It ren- 
ders him less able to cope with a changing environment and less capa- 
ble of contritmting to its modification as an aid in the further devdop- 
ment of the race — ^which, if the predictions are carried to their logical 
conclusions, is gradually descending to the level of the robot working 
under the direction of a few super-executives. 

The influetice of repetitive work is to be found not only in the dull- 
ing of mental alertness, but in increasing limitation of other modes of 
expression. Parker “ complains bitterly of the submergence of aesthetic 
values by a machine civilization. He contrasts the small group of 
sallow faced clerks watching young Morgan issue from his Wall Street 
office with the riotous festivities of the City of Florence to celebrate 
the hanging of Giotto’s painting in St. Mark’s. In his complaint that, in 
spite of its vast production of goods, the United States has not yet 
produced a Michael Angelo, a Leonardo da Vinci, or an Andrea del 
Sarto is found another instance of the criticism of the machine age on 
the same grounds. 

IN DEFENCE OF THE MACHINE AGE AND OF REPETITIVE WORK' 

Repetitive work and the machine age have not been without their 
defenders. So, for example, Dubreuil questions the emphasis upon 
the dominance of machine over man in a mechanized task and the as- 
sumption that machine operation is generally accompanied by a de- 
pressed mental state. He cites in illustration of his viewpoint a sanding 
job at the White Factory at Cleveland. On this task, the workman di- 
rects a jet of sand, through an opening in the wall at the height of his 
hand, into a shed-like arrangement containing pieces to be cleaned. 
At times, he is required to stick his head through a screen-covered 
opening in the wall of the shed in order to observe the progress of his 
work. At such times only the operator’s back and legs can be seen, and 
the impression he gives is of a man placed in an instrument of torture 
rivalling any employed by the Inquisition. Under these conditions the 
worker seems to lose his identity as a man and becomes a veritable 
portion of the machine which he is tending. 

Dubreuil describes the sympathy awakened in him for this human 
appendage to the machine he was tending. At the same time, to test 
his impression, he asked for permission to work on this machine and 
changed places with the operator who had been assigned to it. “My 
impression,” he writes, “was then extremely different from the one I 

C. Parker, The Casual Labour and Other Essays, New York, 1920, p. 58. 

H. Dubreuil, Robots or Men, New York and London, 1930, pp. 248. 
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bad had while looking at the scene from the outside. I felt instantly 
that the tragic aspect, augmented and aggravated by my ima ginatinn, 
had comple^y disappeared. Occupied in watching the gradual whiten- 
ing of the pieces, I thought no mere of the aspect I might (^er to any- 
one outside. I singly h^ to do a new job by particular methods and 
under peculiar conditions. Once more 1 learned to mistrust appear- 
ances, for a visitor perceiving me in that position mij^t have experi- 
enced the same feeling I had previously felt while 1 recognized that 
my emotion was unjustifiable.” 

There must be much industrial work, he writes, “that appears for- 
midable to the uninitiate, while those who perform it look on it as 
entirely natural. The difference in point of view is important, and it is 
well to remember this when making judgments on industrial life.” 

With respect to effect on mental alertness, it has been pointed out 
that the automatic machine and repetitive processes, requiring the 
minimum of attention, actually free the worker for the exercise of his 
mind. The substitution of intellectual pleasures for the interest in neo- 
primitive dancing to the tunes of a jazz orchestra and in the glamour 
of the million dollar movie becomes merely a matter of direction and 
training. It is to the development of an educational program to stimu- 
late such substitution, rather than upon a critique of automatization 
in industry, that the attention of the social reformer should be directed. 
The outstanding feature of the machine is that intellectual interests 
can be pursued when the worker is engaged on his task to an extent 
impossible in hand work, upon which the attention of the worker must be 
continually concentrated. 

In so far as general social and aesthetic values are concerned, mech- 
anization and specialization of work are praised by its defenders as 
devices which accomplish work today what was formerly martyrdom to 
hundreds of thousands of human beings, and as aids in the wider dis- 
semination of aesthetic standards. Mass production of cloth garments 
has relieved women who wore out their lives and eyes on spinning, 
weaving, sewing, and embroidery. Ugly, hardy clothes worn for years 
because of cost have been replaced, through the introduction of ma- 
chine operations, by flowered dresses, woven of fine material, which 
even the poor worker can buy for his wife at the price of a day’s work. 
In this way, into the life of the maSs.es of the people have been intro- 
duced aesthetic values absent in the drab days of the pre-machine age. 
Other losses in social values are more than compensated for by the new 
aesthetic appreciations, the increased leisure, the easier conditions of 
daily life which the machine has made possible. Viewed from this angle. 
Ford, pictured by Dubreuil as the prophet of the machine age, be- 
comes a benefactor of mankind who contributes both to the intellectual 

H. Dubreuil, op. at, pp. 110-11. 

Ibid. 
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stimulation of individual life and the enrichment of the social milieu 
in which he lives. 

This discussion would be incomplete without a reference to another 
aspect of the problem which has been neglected by many critics of the 
machine age. The implication in many discussions of repetitive work 
is that such work is characteristic of the industrial era alone. As a 
matter of fact, long before the appearance of machines many tasks had 
already become highly standardized and routine in character.” The 
hours and hours of polishing required in the preparation of dint arrow- 
heads used by primitive tribes must have been extremely monotonous 
work. Hand weaving, with the repeated throw of the shuttle from side 
to side, has in it all of the elements of the repetitive work of the ma- 
chine age. It is true that in these earlier days the pace was set by the 
worker and the distribution of the activity throughout the day was also 
independently determined. Florence has pointed out that “when the 
craftsman who works at home feels tired of his task he can ‘knock off’ 
for a few minutes, and gain a fresh incitement. If he feels slack in the 
morning he can work in the afternoon and evening, or vice versa. If 
his work gets on his nerves he may walk into his garden, or occupy 
himself about the house, away from the ordinary conditions of his 
work. To the industrial employee all such variations are impossible. 
Whether he is working in factory, office, mine or shop, he must ‘keep 
on the job’; he cannot work when work is congenial and stop when he 
feels the need of rest. There is a definite routine imposed from out- 
side.” At the same time, many of the essential characteristics which 
today are referred to the machines and believed to be characteristic of 
the machine age alone were undoubtedly characteristic of the everyday 
activity of not only the workers in civilized races but of primitive 
tribes of today and of the prehistoric age. Moreover, in thinking, for 
example, of the activities of workers in the period of the Renaissance, 
we tend to ascribe to all the joy in creative experience which was pres- 
ent probably only in the work of the master craftsmen. Even in that 
period, as in earlier periods, the work of the helper was unquestionably 
routine and probably monotonous. It is quite possible that the great 
bulk of workers in all ages has had no more interest in creation or 
greater opportunity for creative experience than the large mass of un- 
skilled and semi-skilled workers ^ployed in modem industrial plants. 

The attitude of the industrial engineer on the effect of mechanization 
on men has been well expressed by Person, who may be fairly described 
as the dean of scientific management in the United States. “We have 
begun seriously to question our first assumptions concerning the effect 
of machine tending on the individual,” writes Person. “These assump- 
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tions were derived principally from the reports of observers who were 
essentially artists and whose judgments appear to have been highly 
colored by poetic imagination. Their sweeping generalizations have 
not been verified by the more numerous and sustained observations of 
those intimately concerned with industry. Without question, fatigue, mo- 
notony, and other undesirable elements are present in modern marhinf 
work, but apparently not so much for workers operating the machines, as 
for artists watching the machines being operated. And what is more to 
the point, there are probably no more, if as many of these undesirable 
elements in the tending of a typical 1930 machine as there were in op- 
erating the primitive machine which performed the same function. 
Maggie at the modern spinning frame of a great factory probably suf- 
fers fewer discomforts than her great-great-great-grandmother at the 
spinning wheel in her colonial kitchen.” ” 


THE EXTENT OF REPETITIVE WORK 

The incidence of monotonous work upon human adaptation and ad- 
justment is another factor to be considered in this discussion. In 
a study of occupations in a brassware and munition factory by 
Florence 3S.8 per cent are shown to involve uniform processes of a 
type which tend to develop in the worker a feeling of monotony. It is in- 
teresting to note that certain of these are clerical occupations involving 
“brain work.” The analysis suggests that monotonous work does not 
occupy such a large proportion of the industrial activity as is ordi- 
narily believed. At the same time, the amount of it which is present, 
combined with its growing importance in industrial life, makes monot- 
ony one of the major problems of industrial psychology. 

Regardless of the a priori position which one may assume, the effects 
of repetitive work upon human nature, and the adaptability of man- 
kind to this type of work are questions for analysis by the psychologist. 
These questions have been made the subjects of study in a number of 
experimental investigations conducted both in the laboratory and in 
the working plant. In these studies an attempt has been made to in- 
vestigate the following problems: 

1. The characteristics of monotonous work. 

2. The incidence of individual differences in susceptibility to mO’ 
notony. 

3. The influence of uniformity and variety of work upon production 
and upon the state of mind and adjustment of the worker. 

4. The extent of individual maladjustment in repetitive work. 
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THE CHARACTEEISTICS OF MONOTONOUS WORK 
1. Boredom and Restlessness 

The chief characteristic of monotonous work is the unpleasant feel* 
ing that the task arouses in the individual. A feeling of boredom and 
an increasing, feeling of tension as the work progresses represent the 
subjective characteristics of monotonous work. Objectively, this feeling 
of monotony u characterized by restlessness, indicated in a frequent 
shift of posiLtkO, by yawning, and by verbal expressions of dissatisfac* 
tion with the work on the part of the worker. The nature of subjective 
attitudes of the worker when monotony is experienced is well illus- 
trated in the introspective observations obtained from subjects in a 
laboratory experiment on repetitive work by Wyatt, Fraser, and 
Stock.i» 

Subject A. “Usually I was able to work quite satisfactorily during 
the first hour but afterwards began to feel bored. At this stage the 
knowledge of having to stick at the job for another 90 minutes was 
very unpleasant, and although 1 tried different methods to keep the 
work from dragging, the efforts were not very successful. I began to 
feel a certain amount of relief when I thought the end of the test was 
near, and on such occasions had a feeling that my output improved. 
Shortly before the end of the period all unpleasant feelings disappeared 
and I felt quite normal.” 

Subject B. “I seldom enjoyed the tests and usudly found the work 
tedious. The experiments often seemed very long, and after the first 
hour of work I experienced an impulsive desire to say something to the 
experimenter, or to get up and look through the window. About the 
middle of the test I sometimes became somewhat stupefied, but towards 
the end began to ‘sit up’ and take notice.” 

Somewhat similar, although less detailed observations have been ob- 
tained by the same investigators from factory workers in the course 
of plant investigation on monotony. The nature of these observations 
is illustrated in the remarks made by workers engaged in winding 
filaments in electric lamps. 

Worker A. “I like the work fairly well but sometimes get bored. I 
begin to look forward to going home. Sometimes 1 feel like a change 
and go for material.” 

Worker B. “1 like the work as a whole but sometimes feel bored, 
especially in the afternoon. Then I feel like walking about or talking.” 

Worker C. “I get fed up at times, usually in the morning. I often 
find an excuse to walk about.” 

Wyatt, J. A. Fraser, and F. G. L. Stock, **The Effects of Monotony In Work,” 
Ind, Fat, Res. Brd. Rep, No. 56 (1929), p. 44. 
pp. 44-47. 
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2. The Monotony Curve 

Work accompanied by monotony is characterized not <mly by a feel- 
ing of dissatisfaction and tension, but by a distinct change in the rate 
and regularity of production. This includes, primarily: — 

1. A drop in the rate of work in the middle of a working sped. 

2. An increased variability in the rate of work. 

In work, in general, the rate of work and the total amount of pro- 
duction tends to increase during the middle of the working spell. There 
is a warming-up period at the beginning of a working spell, a period of 
relatively high production during the middle of the spell followed by 
a gradual and consistent drop in the rate of production. Output dis- 
tributed in this way during an ordinary working day gives a produc- 
tion curve like that shown in Figure 61, which is characteristic for 
many kinds of work. In addition, in daily production not characterized 
by monotony the rate of work or production tends to be fairly regular 
over short periods as, for example, one-quarter-hour or five-minute 
periods of the working day. 

Experimental studies conducted both in laboratories and in indus- 
trial plants indicate that one feature of monotony in work is the tend- 
ency for production to fall instead of to rise during the middle of the 
working spell.^' “Boredom causes a reduced rate of working which is 
particularly noticeable about the middle of the spell. This decrease 
usually lasts from one to two hours, and during this time the average 
reduction in the rate of working varies from five to ten per cent. It is 
followed by a steadier and improved rate of working as the end of tbe 
spell is approached.” According to Myers,-® “the worker comes to his 
task feeling ready to go ahead with it, slows up in the middle of the 
spell as he becomes bored with the work and speeds up at the end of 
the day in anticipation of its end.” He thus produces a curve absolutely 
inverse in shape to that of the normal working curve. 

In addition, the production from period to period in monotonous 
work tends to be highly irregular.®® “Boredom causes a more variable 
rate of working, which is characterized by repeated fluctuations in the 
time taken to complete consecutive units of output.” 

Wyatt has made a detailed analysis of the psycholopcal changes 
which account both for the decreased rate of production and the in- 
creased variability of work. At the beginning of a working spell, the 
worker is able to maintain a satisfactory rate of production. As he 
continues at the repetitive ^k a desire for change appears. This 
makes necessary an increase in the effort required to maintain the de- 
sired efficiency. It also produces a tendency toward an alternation of 

« Ibid., p. 42. 

** C. S. Myers, Industrial Psychology in Great Britain, London^ 1926, p. 71. 

**S. Wyatt, J. A, Fraser, and F. G. h. Stock, op. cit., p. 42, 

“S. Wyatt. “Boredom in Industiy,” Pers. J,, 8 (1929), 161-171. 
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spurts and rdaxation in work. The combination of these conditions 
brings about, in the middle of the working spell, both in the case of a 
morning and of an afternoon period of work, a reduction in the rate 
of work associated with an increase in variability of rate. Toward the 
end of the morning or afternoon the rate of work may again increase 
somewhat and almost invariably becomes more uniform. This results 
from the anticipation of the end of the work. The consciousness that 
the work will soon end stirs up activity and produces an actual im- 
provement in the rate and regularity of production at a time when, 
from the viewpoint of physical fatigue, the worker should be expected 
to show decreased efficiency. The significant fact is that such changes 
in the rate and variability of production, represented by a change in 
the shape of the work curve, appear only in the case of workers who 
express boredom and dissatisfaction with repetitive work. 

Examples of such “monotony” curves are to be found in an exten- 
sive laboratory and plant investigation by Wyatt, Fraser, and Stock.®® 
The chief feature of this study was the analysis of production on di- 
verse operations in comparison with introspective reports of opera- 
tives. In all, 49 operatives were concerned in this inquiry, engaged 
in six different kinds of repetitive work. Among these were two types 
of filament winding and an inserting process employed in the 
manufacture of electric lamps. These tasks involved a minimum of 
muscular effort combined with fine muscular co-ordination, control, 
marked concentration of attention, and, in some instances, sensitivity 
of touch. The task of wrapping soap brought to the operative by a 
moving belt represents the fourA operation studied. In addition, there 
was included the job of chocolate packing, a little more varied than 
that of soap wrapping, and the operation of tobacco weighing. 

The industrial investigation was supplemented by a laboratory study 
of bicycle chain assembling and of rug making. In the former, four 
subjects trained in psychological research worked continuously 
throughout several periods of two and one-half hours each and fur- 
nished introspective records of changes in mental attitude in the course 
of work. In another experiment eight girls were employed for a period 
of seven weeks in making woolen rugs by inserting pieces of wool 
through holes in a canvas background. The hours of work were from 
9:30 to 12:30 and from 2 to 5, add the girls were paid on a piece rate 
basis. 

In the industrial investigations no more than one or two operatives 
were observed at a time, and different operatives were observed on suc- 
cessive days. The period of observation devoted to each worker seldom 
exceeded 6 days, but there are indications that the results would not 
have been appreciably increased by an extension of time. Operatives 
were frequently questioned regarding their attitude toward the con- 
ditions of work, especially with respect to the effects of uniformity. 

“ S. Wyatt, J. A. Fraser, and F. G. L. Stock, op. cU. 
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Questions were phrased in different forms in arriving at the truth con- 
cerning operative’s feelings of boredom and fatigue. The replies of 
these operatives, extracts of which are cited on page S20, showed that 
most of the workers suffered from a feeling of boredom or monotony, 
particularly at about the middle of the working spell. As a matter of 
f^act, of the 49 operatives questioned, only 13 were able to state that 
boredom was seldom or never experienced. 

The character of typical daily production curve of workers who 
complained of the tiresome and boresome features of the task, as com- 
pared with those who experienced no such feelings, is shown for to- 
bacco weighing, chocolate packing, and soap wrapping in Figure 73. 

Each curve represents the average rate of work during each five- 
minute period of a composite day (broken line), while the general 
trend of the curves is shown by the continuous line. The latter is 
plotted by averaging the results of every seven consecutive five-minute 
periods. Moreover, each curve is a composite curve obtained by com- 
bining the average results obtained at corresponding hours on different 
days. The curves on the left are those of operatives who complained of 
being bored with the work; those on the right are curves of workers 
who, in general, liked the work and did not find it monotonous. 

A comparison of the two sets of curves shows that in the case of 
operatives who experienced the feeling of boredom there is a marked 
dip in the curve during the middle of both the morning and afternoon 
working spells. In addition, there is greater variation in the lengths of 
the dotted lines, indicating the rate of production in five-minute pe- 
riods, than appears in the case of the workers who did not experience 
monotony. The output of the latter tends to increase during the middle 
of the working spell, while the output of the former tends to decrease, 
as well as to show greater variability throughout the period of work. 
Another interesting difference is the tendency for the rate of produc- 
tion of the workers who experience boredom to show a slight increase 
at the end of the working spell. In other words, the daily production 
curves of workers experiencing a feeling of boredom have the charac- 
teristics of the monotony curve described in an earlier paragraph. 

Curves obtained in the course of laboratory experiments in connec- 
tion with the same investigation exhibit similar characteristics in the 
case of workers who became bored and restless in the course of per- 
forming the repetitive operations. That boredom, rather than fatigue, 
is the responsible factor for changing the shape of the curve receives 
support from the fact that the results show little difference in rate of 
production between morning and afternoon spells of work. In other 
investigations it has been found that when fatigue is predominant, the 
rate of production during the afternoon spell is usually less than dur- 
ing the morning. This is evident in the typical daily production curve 
shown in Figure 61. In the case of the present investigation there was 
found little difference in rate of output and in total output between 




Figure 73 . Output curves obtained when boredom was experienced (left half) 
and almost absent (right half) in different industrial processes, 
iAfter Wyatt, Fraser, and Stock') 
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morning and afternoon spells. As a matter of fact, in some instaurM, 
an increase in output was observed, particularly at the end of the 
afternoon working spell, when the worker was stimulated by an antici- 
pation of the end of the day’s work. 

The depressing effects of boredom on the rate of work is also brought 
out very clearly in Figure 74, obtained in a laboratory experiment on 
bicycle-chain assembling. In this experiment it was possible to obtain a 
more detailed introspective statement of the mental attitudes of the 
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Figure 74. Rafe of work in comparison with subjective states during monoto* 
nous work, 

(After Wyatt, Fraser, and Stock) 

workers. Here again is to be seen the dip in the production curve, associ- 
ated with the feeling of monotony, and the spurt in rate of production 
when the end of the working period is thought to be near. 

The characteristics of monotonous work are brought out even more 
distinctly in Figure 75, showing the rate of production in five-minute 
periods of subjects employed on the laboratory task of assembling bicy- 
cle chains. Inasmuch as the conditions of the laboratory experiment are 
in general more exacting than those of industrial work, the effect is par- 
ticularly noticeable. The essential features of the process' employed in 
this laboratory investigation can be seen by reference to Figure 76. The 
process represents a typical repetitive operation, the same cycle of 
movements being repeated many thousand times during the course of a 
day.2® The subject was seated in front of the disc A, which contained 

'S. Wyatt, “Machine Speeds and Output,” /. Nat. Inst, Ind, Psych,^ 3 (1927), 406* 
414 
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of its circumference, after which the cycle of movements was repeated 
with the next shafts and links. 

Three subjects (all male research workers) took part in these ex- 



FiouBE 76. Diagram of Mechanism Used in Bicycle Chain Assemhling. 

(After Wyatt) 

periments, and once a week each of these worked continuously during 
a spell of two and a half hours. 

The introspective reports for the three subjects whose results are 
shown in Figure 77 are as follows: 

Subject A — Continuous line — Stated that he was very bored about the 
middle of the spell but recovered when he thought the 
end of the work was near. 

Broken line — Seemed to work very well all the time and 
experienced little or no boredom. 

Subject B — Continuous line — Began to feel bored after the first 2S-30 
minutes. Feeling increased in intensity but disappeared 
when the end was believed to be near. Disappointed when 
the signal to stop was not given. 

Broken line — Slightly bored about half-way through the 
spell, but on the whole time passed fairly pleasantly. 
Subject C — Continuous line — Found the work very distasteful and was 
bored most of the time. Felt better near the end and 
thought rate of working improved. 

Broken line — Seemed to work very well all the time and 
was less bored than usual. Conditions were a little dreary 
during the second hour. 

The curves given in Figure 7S, combined with these introspective 
reports, show clearly that boredom tends to be accompanied by in- 
creased variability of work. This is also evident in the (&ct that the 
standard deviations from daily averages, shown in Table 63, are greater 
when boredom is experienced than when it is absent. 

In the industrial processes variations in the rate of working, ex- 
pressed in terms of standard deviations of the five-minute readings 
from the daily average, were also greater for those workers who com- 
plained of boredom. (Table 64) 
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Subject 

S. D. Continuous Line 

S. D. Broken Line 

(Much Boredom) 

(Little Boredom) 

A 

7.29 ±: .62 

3.54 ± .31 

B 

7.11 ± .62 

4.01 ± .35 

C 

4.25 ±: .37 

3.64 ± .32 


TABLE 64 


PSOCESS 

MUCH BOREDOM 

L 

LITTLE BOREDOM 

1 


WORKER S.D. 

WORKER S.d! 

Winding (U) 

F 

8.72 ± .41 

H 

5.91 ± .28 

Winding (H) 

H 

8.31 ib .39 

D 

6.39 ± .30 

Inserting 

E 

9.23 ± .44 

B 

4.91 ±: .23 

Soap Wrapping 

D 

7.05 ± .34 

F 

4.47 ± .21 

Chocolate Wrapping 

K 

6.83 ± .33 

G 

4.74 ± .23 

Tobacco Wdghing 

I 

19.44 ± .95 

C 

15.31 ± .75 

(After Wyatt, 

Fraser, and Stock) 



Findings from other experiments corroborate the conclusions which 
have been drawn concerning the specific character of the production 
curve obtained when monotony is experienced. The evidence definitely 
favors the opinion that the onset of monotony is accompanied by 
changes in the rate and variability of production. An examination of 
the work curves makes possible a separation of the physical effects of 
work, in the way of fatigue, from the purely psychic feelings of bore- 
dom, conflict, and strain — characteristic of monotony — appearing in the 
case of some individuals when employed at a repetitive task and under 
allied conditions of work. 

3. Changes in Estimation of Time 

In addition to the changes in the course of repetitive work de- 
scribed above, the onset of monotony, according to some investigators, 
appears to be characterized by a tendency toward the overestimation 
of time intervals on the part of .those engaged in monotonous work. 
Evidence of this is found in a laboratory experiment in which two 
subjects were engaged in the repetitive task of sorting balls for a period 

H. M. Vernon, S. Wyatt, and A. D. Ogden, the Extent and Effects of Variety 
tn Repetitive Work, Ind. Fat. Res. Ed. Rep., No. 26, (1924), pp. 12. 

S. Wyatt, “Studies on Repetitive Work,” Ind. Fat. Res. Ed. Rep., No. 32, (1925), 
pp. 44. 

S. Wyatt, and J. A. Fraser, “The Comparative Effects of Uniformity and Variety in 
Work,” Ind. Health Res. Bd. Rep., No. 52 (1928), pp. 36. 

H. M. Vernon, “On Certain Effects of Long Spells of Repetitive Work,” Brit. J. Psych., 
16 (1926), Part 3. 

S. Wyatt, J. A. Fraser, and F. G. L. Stock, op. cU., p. 20. 
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of two hours. At various s^es of this period each subject was asked 
to estimate the length of time already spent on work. The results ob- 
tained are shown in Table 65. It is quite evident that each subject 
tends to overestimate time when an appreciable degree of boredom is 
experienced. Generally speaking S was found to suffer more from bore- 
dom than M. At every period his over estimations were greater than 


TABLE 65 


Estimation of Time by Two Subjects Engaged on a Repetitive Task 


Subject M . . . Much Boredom . . . Actual 

Estimated 

Slight Boredom . . . Actual 
Estimated 

Subject S . . . Much Boredom . . . Actual 

Estimated 

Slight Boredom . . . Actual 
Estimated 


TIME (in minutes) 
35 55 70 90 105 
25 SO 80 105 120 
35 55 70 90 105 
25 45 65 95 110 
30 SO 70 90 100 
30 55 85 no 120 
30 50 70 90 no 
25 SO 75 100 115 


(After Wyatt, Fraser, and Stock) 


those of M. The fact that there are only two subjects in this investiga- 
tion offsets the value of the results, but they indicate the trend referred 
to by other investigators. 

Overestimation of time in the case of workers who experience a 
feeling of monotony has been explained on different grounds. Appljdng 
the findings of earlier experiments that the estimation of time intervals 
is determined by the amount of mental content experienced during 
a period it has been suggested that overestimation is the result of the 
number and variety of ideas appearing in the mind of the worker, 
where attention is not absorbed in the repetitive task. In the case of 
such workers “time seems to be measured by the awareness or num- 
ber of thoughts passing through the mind within a given period, and 
as these are both numerous and disconnected the day appears to be 
supercharged with ideas and its duration in consequence overesti- 
mated.” *® In the case of the worker whose attention is completely occu- 
pied neither by repetitive work nor by other interests, time seems to 
stretch on forever because of the tendency for attention to be centered 
on the amount of work still to be done and the amount of- time still to 
be spent on work. At the same time, individuals who find interest in the 
task are free from a feeling of monotony and do not overestimate time 
because ^ere is a free flow of mental activity not centered upon the 

M. Sturt, The Psychology of Time, London, 1925. 

S. Wyatt, "Boredom in Industry,” Pers. 8 (1928) pp. 161-172. 
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passage of time itself. “When an activity is accompanied by interest 
... the thought processes constitute parts of a unified whole and the 
individual is hot consciously aware of the associated components. Time 
in consequence appears to pass comparatively quickly because of the 
uninterrupted flow of mental activity toward the desired goal.” This 
would, of course, also apply to those whose attention, in repetitive 
work, is not at all occupied with the task, but whose minds are com- 
pletely taken up with a dissociated, but unified and interesting pre- 
occupation. 

The estimation of time in a repetitive task has been investigated by 
Lossagk.®* In this study, the investigator examined the differences 
in time estimation by subjects while engaged in three activities of dif- 
fering degrees of complexity. Approximately two hours were spent by 
each subject on each section of the study. The instructions were to in- 
dicate the passage of one minute at the end of each minute by pressing 
an electric contact. 

Graphic records of time estimation were made under three different 
conditions. 

1. When the subject was engaged in observing a point on a blank 
wall and in concentrating upon the passage of time. 

2. When the subject was engaged in the simple and highly repeti- 
tive task of placing and withdrawing small wooden pegs under condi- 
tions which did not permit the counting of the pegs as an aid to the 
estimation of time. 

3. In the third part of the experiment, the subject was asked to note 
the passage of time when engaged in the more complicated task of 
cutting and pasting a design. This task called for exact measurement 
and other refined operations. 

The subjects included adults of both sexes and second year appren- 
tices employed in an industrial plant. Among the adults were repre- 
sentatives of the supervisory staff of the plant. 

The character of the findings are shown in Figure 79. The length 
of the line represents the time actually elapsing during a period judged 
by the subject to be one minute in length. 

Figure 77D shows time estimates of one subject, a member of the 
engineering force of the plant, when engaged in looking at a blank wall. 
The section of the chart marked “a” reveals a pronounced underestima- 
tion of the passage of time, inasmuch as the length of the line almost 
invariably extends beyond the one-minute point. In addition, there is a 
great amount of variability in estimation from period to period, the 
estimates ranging from 1 to 3 minutes. The investigator suspected 
that this resulted from the fact that the highly intellectual subject 


« p. 164. 

■‘H. Lossagk, “Expeiimenteller Beitrag lur Frage des Monotonw-Empfindens,” Ind. 
Psychol,, 7 (1930), pp. 101-107. 
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indulged in day-dreaming in the course of this experiment and com- 
pletely forgot to press the contact key. In order to determine the in- 
fluence of day-dreaming, the same subject was engaged in casual con- 
versation while performing the first part of the experiment. The results 
obtained under these conditions are shown in part “b” of Ae chart. The 
length of the lines gives evidence of a more exact estimation of passage 
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of time and a marked decrease in the variability of estimates when 
the mind of this subject is not allowed to wander off along its own 
path. 

The estimation of passage of time by another subject while engined 
in looking al a blank wall is shown in Figure 77G. This is a w(»nan 
who had voluntarily sought transfer from a repetitive task to another 
task paying a lower wage because of the disturbing effect produced by 
the feeling of monotony arising out of the repetitive work. The figure 
reveals an overestimation of time by this subject combined with Mgh 
variability. It is evident that time is passing very slowly, inasmuch as, 
on the average, the timing contact is pressed to indicate the passage 
of a minute when approximately only one-half a minute has elapsed. 
These results suggest that this subject is incapable of employing her 
intellectual faculties to fill in the time in an environment almost com- 
pletely free from stimulation. As a result, time appears to pass very 
slowly. 

The most important feature of Lossagk’s study is the analysis of 
the results of individual subjects and the comparison of groups of 
individuals engaged in different kinds of work. Figure 77K, showing 
the time estimates of an apprentice gazing at a blank wall, is presented 
as an example of a high degree of accuracy in time estimation com- 
bined with restricted variability, representative of a large group of 
apprentices accustomed to repetitive work. No estimate for a single 
minute period differs from the exact time by as- much as 0.25 minute. 
The mental attitude of this subject, and of the group which he repre- 
sents, can be expressed, according to Lossagk, in the statement, “Well 
it seems no different whether I sit at my bench pr sit here with my 
head on my hand gazing at a blank wall.” 

The results of this group are contrasted by Lossagk with the tend- 
ency toward overestimation of time and with the greater variability 
of estimates, when engaged in looking at a blank wall, on the part of 
apprentices unaccustomed to repetitive activity, illustrated in Figure 
77L. In addition, apprentices not accustomed to repetitive work tend 
to underestimate the passage of time and to exhibit a wide range of 
estimates in Part 2 of the experiment, involving time estimation when 
engaged on a simple repetitive task. This appears clearly in Figure 
77R. On the other hand, apprentices accustomed to repetitive work 
show the same accuracy in estimating the passage of time in Part 2 
of the experiment, i. e., when engaged on a simple, repetitive task as 
they do in the first part, i. e., when looking at a blank wall. This is evi- 
dent in Figure 77M, showing the results of one apprentice, acustomed 
to repetitive work, in Part 2 of the experiment. 

In the case of the highly complicated task of the third part of the 
experiment, apprentices with little experience on highly repetitive tasks 
again show a tendency toward underestimation of time, combined with 
a wide range of estimates. They appear to become so involved on the 
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Figuke 77. (Continued) Time Estimates under Different Conditions 

(A fter Lossagk) 
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requirements of this complicated task that they completely lose sight 
of the passage of time. This is clearly evidenced in Figure 77S, show- 
ing time estimates of an apprentice not accustomed to repetitive work 
when engaged in a complicated task. Apprentices accustomed to repeti- 
tive work exhibit in Part 3 of the experiment the same accuracy and 
low variability in estimates which appears in their case in Parts 1 
and 2. 

It is difficult, as Lossagk points out, to draw conclusions from these 
varied findings. The report on the experiment suffers also from a fail- 
ure to provide as detailed a description of mental states as is found 
in the English investigation. In addition, the author fails to state the 
number of cases. For these reasons, both results and conclusions must 
be accepted with reservations. 

Lossagk suggests that a tendency to overestimate time intervals in- 
dicates high susceptibility to monotony in the case of those who cannot 
occupy their minds with other activities when engaged in highly repeti- 
tive work, and where attention is not absorbed in the repetitive task. 
This appears to confirm the observations of English investigators.** 
At the same time, he points to the fact that in the case of individuals 
whose minds wander to other interests in the course of an apparently 
monotonous activity, time tends to be underestimated. Such an indi- 
vidual becomes so completely engrossed by other interests as to lose 
track of the passage of time. Upon these grounds this author advises 
against the use of absolute estimation of time as a criterion of monotony 
or as a measure of susceptibility to monotony. He recommends, in- 
stead, a consideration of variability in time estimates, citing his 
observation that low variability appears to be consistently present 
among those who are accustomed to repetitive work and who seem 
not to be disturbed by it. Those whose estimates of time show 
little variation in accuracy or in variability on different types of 
tasks seem to be least susceptible to the feeling of monotony and most 
suitable for monotonous work. The attention of such individuals is as 
completely absorbed by a simple task as by a complex task, by a uni- 
form as by a varied operation. Underestimation of time combined with 
high variability on highly complicated work, that is on the task as- 
signed in Part 3 of Lossagk’s experiment, appears to be an indication 
of susceptibility to monotony 'and of unsuitability for monotonous 
work. 

Lossagk describes his findings as suggestive rather than conclusive, 
but they are particularly suggestive in the light of the unquestioned 
acceptance, in certain quarters, of overestimation of time as the only 
direction of change in the estimation of time on monotonous work. 
The situation appears to be somewhat more complicated than this. 
The findings of Lossagk seem to be in conformity with the conclusions 


** S. Wyattp J. A. Fraser, and F. G. L. Stock, op. cU, 
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of Benussi that the perception of time appears to bear a definite 
relation to the attention given toward the passage of time. Time inter- 
vals appear to be long and are overestimated when the attention of the 
subject is directed exclusively upon the passage of time, as in the case 
of the subject whose results are shown in Figure 77G. On the other 
hand, the passage of time is underestimated when attention is centered 
not on the interval itself but on other activities occupying the mind of 
the individual, as in the case of the long and variable intervals of the 
engineer whose results are shown in Figure 77D. This, for example, 
explains the apparent slowness of time when one is continually en- 
gaged in looking at the clock while waiting to keep an appointment 
or while waiting for the end of the day’s work, in comparison with 
the more rapid passage when attention is occupied with activities other 
than the movements of the hands of the clock. 

Thompson, in an experiment to be cited in greater detail below, 
made use of time estimates in determining susceptibility to monotony. 
He concludes that the experiment shows such estimates to be unreliable 
as indications of susceptibility to monotony, but fails to provide the 
substantiating data for this conclusion. 

It is clear that the evidence for a change in the estimation of time 
as a symptom of monotonous work is far from final. At the same time, 
it is a factor which will bear further investigation. It is prpbable that 
overestimation, underestimation, and change in variability are 
symptomatic under different conditions which themselves require fur- 
ther analysis. Lossagk’s findings that underestimation will occur in the 
individual who becomes absorbed in other activities when engaged In 
repetitive work are not in conflict with the conclusion of English in- 
vestigators that time is overestimated when monotony is experienced 
inasmuch as such an individual may not experience monotony. Wyatt, 
Fraser, and Stock*® have, for example, observed that time appears 
to pass quickly when the individual engaged in a monotonous task in- 
dulges in day-dreaming, and that he does not experience monotony. 
This may also be true of the apprentices, not accustomed to repetitive 
work, who become completely absorbed in the complicated task form- 
ing the third part of Lossagk’s experiment. These findings on time esti- 
mation should be considered in relation to differences in susceptibility 
to monotony to ^ considered in the chapter which follows. 


** V. Benussi, Psychologk der ZeitauSassung, Heidelberg, 1913, p. 4S6. 

•• L. A. Thompson, Jr., “Measuring Susceptibility to Monotony," Pets. 8 (1929), pp. 
172-196. 

•* S. Wyatt, J. A. Fraser, and F. G. L. Stock, op. cil., p. 37. 



XXIV. SPECIFIC INFLUENCES IN 
MONOTONOUS WORK 


INDIVIDUAL DIFFESENCES IN SUSCEPTIBILITY TO MONOTONY 

1. The Influence oj Intelligence 

The discussion in the preceding chapter on the characteristics of 
monotony has pointed to the existence of differences among individuals 
with respect to susceptibility to monotony. Certain individuals become 
extremely bored, show signs of restlessness and ennui, undergo changes 
in estimating the passage of time, and assume a lower and more variable 
rate of production on a task which produces no unfavorable effect on 
the mental attitude or performance of other workers. So evident is this 
difference that, at first glance, it would seem possible to agree with 
Miinsterberg that ^ “the feeling of monotony depends much less upon 
the particular kind of work than upon the special disposition of the 
individual.” MUnsterberg reached this conclusion partly as the result 
of casual observation in industrial plants and partly on the basis of a 
laboratory experiment involving the perception of differences in the 
number of related and unrelated words by over 400 college students. 
Lists of words were presented verbally to the subjects. In each list 
half the words, or one more, or one less belonged to the same con- 
ceptual class, i. e., flowers, birds, etc. The subjects were required to 
state whether the similar words were more or less numerous than the 
dissimilar words. To this was coupled a questionnaire on which each 
subject recorded his own attitude toward uniformity and variety in 
everyday activities. The results of this and other experiments suggested 
to MUnsterberg that individuals differ in the tendency to inhibit equal 
or similar impressions.* There are those who immediately after re- 
ceiving an impression are unable to seize the same impression again. 
There are others for whom, on the contrary, the experience of an im- 
pression is a kind of inner preparation for arousing the same or similar 
impressions. If these two groups have a similar task to perform, in 
which it is necessary that not a single member of a series of repetitions 
be overlooked, the two groups react in a very different way. “Those 
who grasp equal impressions easily and those who are prepared before- 
hand for every new repetition by their inner dispositions wUl follow 

^ H. Miinsterberg, Psychology and Industrkd Egiciency, Cambridge, 1913, p. 198. 

•/6«.,p. 203. 
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the series without strain and will experience the repetition itself 'vrith 
true satisfaction. On the other hand, those in whom every impres^on 
inhibits the readiness to receive a repetition, and whose inner energy 
for the same experience is exhausted, must feel it as a painful and 
fatiguing effort if they are obliged to turn their attention to one member 
after another in a uniform series. This mental torture is evidently the 
displeasure which such individuals call the dislike of monotony in their 
work.” 

The problem of monotonous work in industry, according to this 
point of view, is reduced to the single problem of developing a series 
of tests by means of which it can be determined beforehand whether 
an individual will suffer from monotonous or repetitive work. Such 
selection, according to Miinsterberg, could serve the purpose of pro- 
curing fit workmen and effect the complete disappearance of complaints 
about monotony in industrial work. 

Although it may not be possible to agree with this extreme simplifi- 
cation of the problem of monotony, there seems no question that in- 
dividual difference in susceptibility is a specific factor in the genesis 
of monotony. The investigation of such differences is a major problem 
in the psychological study of monotony. Such investigation has first 
taken the form of an analysis of the relationship between level of in- 
telligence and susceptibility to monotony. Among employment man- 
agers and industrial executives there is, in general, more than a suspi- 
cion that there exists a direct relationship between general intelligence 
and monotony. In the opinion of some, the chief problem of modem 
industry is to find a large enough number of dull and feeble-minddd 
adults to fill the repetitive jobs to which individuals of high intelligence 
cannot adjust themselves by reason of the boresome simplicity of the 
task. 

According to Pound,® for example, “Automatization has now reached 
a point where individual capacities of workmen count for so little that 
large employers of labor find less keen minds cheaper than keen minds 
in many berths, because the less keen mind presents fewer labor com- 
plications to the boss, is more easily satisfied, feels labor-strain less, 
and is less trouble all around. In other words, the intellectual level of 
labor fixed by the Iron Man is such that a moron trained in habits of 
doing, regularity, and obedience, is, for many practical purposes, more 
valuable to his boss for goods-production than one higher in the mental 
scale. Having brought to the machine less mental luggage of sorts not 
required by the shop, his adjustment to the present needs of industry 
is simpler for both parties to the labor-bargain.” 

The belief that intellectual dullness favors freedom from monotony 
finds justification in the results of a number of laboratory investiga- 
tions. So, for example, in a study of department store wrappers and 


• A. Pound, The Iron Man in Indwtry, Boston, 1922, pp. 182-3. 
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cashiers, the author * found a greater turnover among girls with high 
intelligence test scores than among those with medium scores. Similar 
results are reported by Kornhauser ® who discovered, in a survey of 
office workers, that labor turnover was greatest among the most in- 
telligent when employed at low grade jobs. Turnover resulted both 
because sudi workers became bored and easily dissatisfied with their 
work and from the fact that it is easier for such girls to procure other 
jobs. 

In a number of English investigations is found further evidence of a 
relationship between intelligence and boredom in work. Burnett ® em- 
ployed four girls working six hours daily in two spells of three hours, 
four days a week, for a period of two months on the repetitive work 
of cross stitching. Of the four girls, A and B were very intelligent, C 
was of average intelligence, D was of low intelligence. Each girl was 17 
years of age. The production records of these girls calculated with 
reference to the production of C, are shown in Table 66. The two most 
intelligent girls, A and B, although capable of reaching a high output 
from time to time showed unmistakable signs of boredom in restless- 
ness, yawning, frequent change of position, etc. The rate of production 
of these girls was more variable than that of the others. The worker 
who was rated third in intelligence consistently maintained the high- 
est rate of production. In addition, this girl never complained of 
monotony and seemed generally satisfied with the work. The least in- 
telligent, although not complaining of monotony, appeared to be 
hampered by clumsiness in doing this work. It is of interest to note 

TABLE 66 



Production on 

Cross Stitching 


SUBJECT 

INTEUIGEMCE 

PRODUCTION 

PRODUCTION 


SANK 

RANK 

INDEX 

A 

1 

2 

88 

B 

2 

3 

84 

C 

3 

1 

100 

D 

4 

4 

69 


(After Burnett) , 



that the curves of the more intelligent workers showed the drop in the 
middle spell of work, claimed to be so closely associated with the feel- 
ing of boredom in work. 

The relation of intelligence and susceptibility to boredom has also 


I 
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1* Worker G (Chocolate Packing) 
Intelligence = 31 Not boring but tlrUig 
=+ 2.4 about 3:30 P.M. 
Talking = - 12.2 

2. Worker B (Chocolate Parking) 
Intelligence =? 40 Very seldom bored 
Output = — 32.5 except occasionally 

Talking = — 40.5 in the morning. 

3. Worker F (Soap Wrapping) 
Intelligence = 17 Work never monot- 
Output = — 13.8 onouB. 

Talking = — 61.2 



C^-r-y\i 

~vr ~d6 iht ^ d I'd Sb 46' 

nVB'MINUTC KRIOOS 


4, Worker E (Soap Wrapping) 

Intelligence = 33 Sometimes a little 
Output = + 9.8 bored. 

Talking =- 7.0 

5. Worker B (Soap Wrapping) 

Intelligence = 30 Work very nice and 
Output = — 2.1 not boring. 

Talking =-40.6 

6. Worker A (Chocolate Packing) 
Intelligence = 131 Sometimes bored in 
Output = + 20.0 the morning about 

Talking = — 5.8 the middle of tlie 

•pell. 

7. Worker D (Soap Wrapping) 

Intelligence = 118 Work sometimes very 
Output = + 7.9 tedious. 

Talking = + 93.8 

8. Worker C (Soap Wrapping) 

Intelligence = 110 Work sometimes mo* 
Output = + 8.3 notonous and tfr- 

Talking = + 88.7 ing. 

9. Worker E (Inserting) 

Intelligence = 128 Work very monoto- 
Output =+ 2.9 nous about 11:00 

Talking = + 62.7 A. M. and 3;00 p, m. 


10. Worker H (Winding H) 


Intelligence = 137 
Output = + 19.2 

Talking = + 37.1 


Figure 78. Relation oj intelligence to boredom. Output of ten workers through* 
out the day. Curves 1 to 5 show the changes in rate of output of workers of 
inferior intelligence; 6 to 10, of workers of superior intelligence. Note the 
greater irregularity in the output curves of the more intelligent workers, 

{After Wyatt, Fraser, and Stock) 


been considered in the factory investigation by Wyatt, Fraser, and 
Stock, to which reference has already been made. The operatives who 
were the subjects of this study were given a general intelligence ex- 
amination (Series 33 of the National Institute of Industrial Psy- 
chology). The scores obtained by the group ranged from 17 to 142, 
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with an average score of 70.5. A comparison has been made of pro- 
duction records of workers obtaining intelligence scores above 100 and 
of those wi& scores below 50. Results of this comparison are shown 
in Figure 78. In addition to the composite production curve, the Figure 
shows: 

(a) The output of each operative expressed in the percentage of the 
average for the group to which the worker belongs; 

(b) The extent of talking on the job express^ as .a percentage of 
the group average; 

(c) The introspective reports on the feeling of boredom made by 
the workers. 

It is quite evident that the production of workers of inferior in- 
telligence is steadier and less affected by a mid-spell depression than 
that of the more intelligent workers. Moreover, the introspective re- 
ports indicate that while workers of low intelligence appeared to like 
the repetitive process, those of high intelligence seemed to be quite 
dissatisfied with the work. The results of this investigation are also 
significant in showing that although the more intelligent operatives 
find the job boresome and tedious, their production still remains above 
average, whereas the production of the less intelligent workers tends 
to remain below average. This finding helps to emphasize the distinc- 
tion between efficiency and individual satisfaction on the job which 
must be considered by the psychologist in the application of his tech- 
niques in industry. It points to the importance of considering the 
possibility of re-adjusting the worker so that there may be more sat- 
isfaction on the job for the superior worker, while at the same time 
his efficiency is kept undisturbed. This problem will be considered in 
a section which follows, dealing with the effect of the introduction of 
variety upon the efficiency of workers on a job characterized by uni- 
form or repetitive conditions of work. 


2. The Effect of Individual Differences in Other Mental Traits 

Although intelligence may be effective in determining adjustment 
in repetitive work it is {wssible that other mental traits also play a 
role in determining individual susceptibility to monotony. Among the 
traits which would, on the surface, appear to deserve serious consid- 
eration are “attention sets” and the emotional or temperamental char- 
acteristics of the individual. The importance of factors other than in- 
telligence has been stressed by Winkler,® as a result of a laboratory 
investigation on repetitive work. The subjects of this investigation 
included 9 individuals accustomed to monotonous work and 21 not 
accustomed to repetitive work. Modified cancellation tests and work 
with the ergograph were employed in the analysis of reaction to re- 


•H. Winkler, “Die Monotonie der Arbeit,” Schrift. Z, Psy, Berufs, 19 (1922), pp. 45, 
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petitive work. Working periods from between I 4 and 8 hours were 
employed in the course of the examination. 

An examination of work curv^ led Winkler to conclude that mo- 
notony is experienced only by those individuals whose attention is 
neither completely absorb^ in a repetitive task nor completely free 
from it. Sudi inchviduals find it necessary to give some but not the 
whole of their attention to the work. The failure to find purpose in 
the work, combined with the uniform and tedious nature of the work, 
stirs up active antipathy to the task expressed by yawning, restless- 
ness, variability in rate of work, etc. In contrast are individuals whose 
attention is completely absorbed by the repetitive task, who e3q)e- 
rience pleasure in the continued recurrence of similar impressions. In 
addition there is a group in whose case the task quickly becomes 
completely automatized, leaving attention free for other and more 
interesting pre-occupations. These individuals also fail to experience 
monotony and may actually find the task pleasant. Winkler found the 
rate of work to be more uniform when monotony was absent than 
when a feeling of boredom was experienced in work. Individual dif- 
ferences in susceptibility to monotony are ascribed to differences in 
“attention set” conditioned by two factors, (a) reaction to similar or 
homogeneous impressions and (b) the recognition of purpose or aim 
in the assigned task. 

A later experiment by Wunderlich * leads to conclusions similar to 
those of Winkler concerning the incidence and nature of suscepti- 
bility to monotony. This investigator undertook to examine imder 
laboratory conditions individual reaction to mechanized work similar 
to that performed in connection with the operation of an automatic 
machine. As conditions for the investigation he insisted that the tempo 
of the work must be set by the machine and not by the operator, that 
the work must be simple and routine in character, that there must 
be a certain urge toward production. In addition, he introduced short 
rest pauses into the work to overcome fatigue. Instead of attempting 
to duplicate factory conditions, in which the worker is generally em- 
ployed as a member of a group in a large room, the subjects of the 
investigation were tested in a small isolated room, free from outside 
disturbances. However, the noise of the machine and the vibrations 
provided by it helped to simulate conditions usually present in fac- 
tory work. 

The apparatus used in this investiption is shown in Plate VIII. 
The major feature of the apparatus is a rotating drum upon which 
short steel rolls, 4 cm. in length and 1 cm. in breadth, are presented 
at regular intervals to the subject. The subject is instructed to lift 
the steel roll and to place it into the op>ening provided for this pur- 

'H. Wunderlich, “Die Einwirkuog Einformiger Zwingslaufiger Arbeit auf die Per- 
sSnlichkeitstruktur,” Schrift. Z. Psy. Btnijs, 3t (1925), pp. 53. 

^»H. Winkler, op. ct(. 
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pose. In the instructions the importance of performing this work 
regularly aiMl without error is stressed. The apparatus is so arranged 
that the subject cannot dispose of more than one roll at a time, that 
is, he canndt accumulate steel rolls and dispose a number of them at 
one time. Failure to place a steel roll in the opening provided for it 
constitutes a failure. 

Facing the subject are a red light and a green light. The subject is 
told that the green light is a signal that the first of a series of steel 
rolls is about to appear on the rotating drum. The red light, which ap- 
pears after 60 of the metal rolls had been handled by the subject, is 
a signal that a short pause will ensue before the next series of rolls. 
This short pause, 35 seconds in length, was introduced as a device to 
overcome to some extent the influence of fatigue. The subject is in- 
structed to use only the right hand in the performance of this work. 
The performance of the subject is automatically recorded. The appa- 
ratus was so arranged that an observer unseen by the subject could 
observe his responses. At the close of the examination, each subject 
was asked to reply to a series of questions designed to reveal his 
subjective reaction to the work. 

A careful analysis of test scores leads Wunderlich to conclude that, 
from the viewpoint of susceptibility to monotony, individuals may be 
divided into three types. 

(1) . Type A is designated as a “totality type.” This represents an 
individual who has an urge to be completely absorbed in the work which 
is being done, that is, an urge for a participation of the total personality 
in the assigned task. His inability to become completely absorbed in 
this work by reason of its uniformity and limited scope, or because of 
a tempo imposed from without, produces a blocking, the result of which 
is a loss of interest in work, and a general feeling of boredom or mo- 
notony. 

(2) . Type B is used by Wunderlich to designate the individual who 
is capable of splitting his attention or “dividing the direction of con- 
sciousness” equally between the mechanical operations of the task and 
an ideational elaboration of it and of related activities. This entails a 
lowering of intensity of conscious experience, affecting both activities. 
There is no unpleasant feeling ^sociated with the performance of the 
task. 

(3 ) . Type C represents the individual in whose case the task becomes 
so completely automatized that attention can be fully diverted to other, 
unrelated mental activities. He concentrates upon ideas which are in- 
dependent of the work while the work proceeds as a completely 
mechanized activity divorced from coirscious control. The sphere of 
experience of such an individual has reference essentially to his thought 
processes, and to the repetitive task itself only in the form of the 
rhythmic motor tendency which possesses for consciousness the same 
intensity as that of indirect vision in visual perception. Such an in- 
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dividual, engaged in “mind-wandering,” experiences no feeling of 
boredom in repetitive work. 

It is interesting to note both in this analysis and that of Winklor 
the reference to the value of “mind-wandering” as a protection against 
monotony. Lossagk, it will be recalled, refers to &is in weplaining 
underestimation of time on the part of intellectually superior subjects 
when engaged in gazing at a bla^ wall. 

“Mind-wandering (or day-dreaming) appears to compensate for the 
deficiencies of life in general and industrial conditions in particular. 
The worker who is able to day-dream becomes oblivious to unpleasant 
realities and remains comparatively undisturbed by the unsatisfying 
features of repetitive work.^‘ Wyatt, Fraser, and Stock present evi- 
dence to show that the amount of boredom felt during repetitive 
work is inversely related to tendencies of mind-wandering, in tihe form 
of curves (Figure 79), obtained in the bicycle chain experiment, illus- 
trating the variations in the rate of working when (a) the subject ex- 
perienced boredom (continuous line) ; when his thoughts seldom wan- 
dered far freon the task and the time appeared to pass unusuaUy slowly, 
and (b) boredom was almost entirely absent but mind-wandering 
very prevalent (broken line). In the former case the rate of working 
is particularly low about the middle of the experimental period, while 
in the latter a higher and more uniform rate of working was main- 
tained throughout the day. Boredom is not experienced when the 
thoughts are entirely detached from the experimental task, and under 
such conditions, as in Lossagk’s experiment, time appears to pass 
quickly. 

Studies by Gemelli and Galli have also revealed differences among 
workers in an industrial plant with respect to susceptibility to mo- 
notony. In this investigation 37 subjects performed the same tests 
extending over a period of 95 minutes for 20 successive days, (a) un- 
der conditions which permitted the worker to control the tempo of the 
task, and (b) when the supply of material by a moving belt permitted 
no control of rhythm of work by the worker. The variables of aptitude, 
of interest, incentive, etc., were controlled to permit direct comparison 
of the effect of these two conditions upon production. Among other 
significant findings is a distinct classification of workers into two 
groups, the first, including approximately 70 per cent of the workers, 
showing higher production and fewer errors when the tempo is im- 
posed from without by the moving belt, the second, including the re- 
maining workers, working more efficiently when they control the rate 
of production. There also appear differences between the two groups 
in subjective state. The workers who prefer the moving belt seem to 

“ S. Wyatt, •‘Boredom in Industry,” Pars. S (1929), p. 168. 

S, Wyatt, J. A. Fraser, and F. G. L. Stock, op. cit., pp. 36-37. 

»A. GemeUi and H. GaDi, **Sur TAdapUtlon de PActivit^ Humaine k FActivit^ dc 
la Machine,^’ Rev. de la Sei- du Trav., 2 (1930), pp. 1-23. 
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enjoy the opi^rtunity to think of other interests and the freedom from 
responsibility; for directing the flow of work. Workers in the second 
group are aunoyed by the continual flow of material and enjoy, in- 
stead, the opportunity of directing and controlling the rate of work. 

An element of novelty is introduced into the explanation of differ- 



Figore 79. Curves showing rate of working when (a) boredom was prominent 
and mind wandering almost absent (continuous line) and (b) boredom was 
slight and mind wandering prominent (broken line). 

(After Wyatt, Fraser, and Stock) 

ences in susceptibility by these authors, who find markedly lower and 
more variable reaction times among those preferring to set their own 
pace than among those who prefer the moving belt. 

For the industrial executive who makes controlled speeds of work 
and the moving belt the fetich of production, the finding that the 
majority of factory workers prefer controlled activity must be wel- 
come. It must be recalled, however, that the investigators are dealing 
with a highly selected, small group of workers engaged for only 9S 
minutes of 20 working days on this experimental work. 

Earlier investigations on susceptibility to monotony have been 
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critically reviewed by Thompson.^* This investigator criticizes the use 
by Wyatt and others of changes in production as a criterion of mo* 
notony. He claims that such production curves, even when combined 
with introspective reports on monotony by laboratory subjects and 
by operatives, give an inadequate indication of the existence of this 
state of mind. Following the lead of Miinsterburg and of Dunford/® 
Thompson prepared a scaled questionnaire designed to reflect an in- 
dividual’s preference for a uniform or varied existence. The character 
of the questionnaire is shown in the sample questions below: 

1. How often have you moved of your own accord? 

Several times each year few times never 

yearly or so 

2. At the present time do you get up at the same hour each morn- 
ing during the school year? 

No, different yes, when always 

time each day necessary 

3. When you read or study where do you sit ordinarily? 

Same chair change prefer to 

in same place occasionally change often 

In addition to self-ratings, each of the 32 subjects included in the 
study was rated by associates who had known him from one to three 
years. A combination of self-ratings and ratings by associates gave, 
according to the author, a criterion of monotony with a statistical 
reliability of approximately .90. 

With this criterion of monotony, or of interest in varied as con- 
trasted with uniform activities, were compared intelligence test scores, 
measures of personality traits including an emotional history record 
of the Watson and Chassell type, a personal history record with 
questions similar to those used in the W oodworth-W ells Psycho- 
Neurotic Inventory y and a modification of Freydls Introvert Ex- 
trovert Scale. 

In addition, Thompson made use of four special pieces of apparatus 
for measuring performance on a very simple uniform phase and a more 
complex varied phase of the same task. The assumption underlying the 
use of this apparatus is that if a person is susceptible to monotony this 
susceptibility will manifest itself most easily and quickly by comparing 
the error and production records of each subject’s performance in the 
uniform and varied phase of the same general type of work. The four 
types of work included, (1) work at a simple punch board; (2) work 
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at a simple cstank; (3) soork at a simple maze; and (4) work at number 
cancellation^ The difference in the simple phase and the complex phase 
of the worh can perhaps be illustrated by reference to ^ cancel* 
lation test. |n the imiform phase the subject was required to caned 
all 8’s; in me varied phase, the subject was required to go through 
the same list of numbers, cross out 5’s and circle 3’s, until he came 
to 7, when he was to circle 5’s and cross out 3’s until he again came 
to 7, when he reversed the process, etc. Ten minutes was selected as 
the period of work with the uniform and with the varied phase of 
each test, with S minute rest periods between work periods. 

The degree of susceptibility to monotony on each task was measured 
by dividing the production record for the first half of the ten-minute 
work period by the production record for the second half of the work 
period. This yields a Production Decrement ratio for each phase of each 
kind of work. If the Production Decrement ratio of the varied phase 
is subtracted from the corresponding ratio of the uniform phase, a 
single score is obtained which expresses the degree of susceptibility to 
uniformity of the subject for that particular kind of work. A minus 
score presumably indicates a lack of susceptibility to monotony. 

Errors in performance were treated in somewhat the same way, giv- 
ing a Percentage Decrement score, also used to indicate susceptibiUty 
on the performances included in the investigation. 

An elaborate treatment of results by simple as well as partial and 
multiple correlation leads the author to conclude that the factors which 
contribute most heavily to susceptibility to monotony are emotional 
instability and Production Decrement ratio of the punch apparatus. 
These are practically of equal importance. Production Decrement 
ratio on the cancellation test and intelligence also bear some relation- 
ship to susceptibility. A battery of four elements consisting of (1) 
Emotional History Record; (2) Production Decrement difference for 
the punch; (3) Production Decrement difference for cancellation; and 
(4) Intelligence, can, according to the author, be used in measuring 
susceptibility to monotony. As evidence of this he cites a correlation 
of .71 between these, when optimally weighted, and the criterion, that 
is, the questionnaire on preference for uniform and varied activities 
to which reference has been made. 

The results of the investigation lead the author to conclude that 
“monotony is an attitude or ‘set’ which undoubtedly affects one’s ad- 
justment to certain types of work. Monotony or uniformity is not an 
attribute of any type of work per se; it is a conditioned habit system 
in the individual, which to a large degree, controls the direction of 
behavior modification that is possible in that individual.” Intelligence, 
according to the author, plays but a minor rdle in determining sus- 
ceptibility to monotony, which is as an attitude or “act,” reflecting an 
L. A. Thompson, op, cii., p. 94. 
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emotional “set” or “disposition” on the part of the individual toward 
repetitive work. There are sug^stions in the work that susceptibility 
may differ vrfth respect to particular types of work, but this observa- 
tion is considered secondary to the establishment of differences in 
susceptibility, and to the explanation of these differences on the basis 
of “conditioned visceral habits.” 

Thompson’s study represents a unique and possibly promising tech- 
nique for future research in the investigation of susceptibility to 
monotony. At the same time, as is true of other investigations cited 
above, the conclusions must be accepted with reservations because of 
the small number of subjects and the very highly selective conditions 
of the experiment. In addition to these general criticisms, Thomp- 
son’s conclusions are weakened by a too elaborate treatment of statis- 
tical data obtained with relatively few cases. 

On the whole, the factory investigations of the t]q>e conducted by 
the Industrial Health Research Board seem to hold forth more prom- 
ise than the highly specialized type of investigation reported by 
Wunderlich and Thompson. The observation of objective work records 
in the form of daily production curves, combined with introspective 
reports of operatives who have confidence in the observers, would 
seem to be more valuable for the study of susceptibility to monotony 
in industrial work than questionnaires on general activities' of the type 
employed by Miinsterburg and Thompson. At the same time, in this 
very complex field of investigation, almost anjrthing in the way of a 
novel approach is suggestive and helpful, if in no other way than in 
pointing out additional avenues of research. 

It is evident that there is considerable disagreement among investi- 
gators with respect to the importance of specific factors underlying 
susceptibility to monotony. There is no uniform agreement on the 
nature of susceptibility. There is evidence in widely varied investiga- 
tions that individual differences in susceptibility to monotony do exist. 
It is questionable whether such differences can as yet be satisfactorily 
measured by monotony tests of the type described by Giese and 
Oberhoff.®' However, there is no question that the task which awakens 
monotony in one individual produces no boredom in another. Mo- 
notony must then be conceived not solely as a function of the task, but 
to a large extent as a function of the individual to whom the task is 
assigned. It is more apt to occur in uniform than in varied tasks, in 
simple than in complex tasks, in the operation of a machine than in 
hand work, but, in the final analysis, it is to the susceptibility of the 
individual, and not to the task, that the responsibility for the feeling 
of boredom must in large part be ascribed. 

F. Giese, PsychoUchnik, Breslau, 1928, p. 132. 

E. Oberhoff, “Analyse der Fordermaschinistentatigkeit und psychologische Begutach< 
tung von Fordermaschinisten,*’ Ind, Phychoi., 7 (1930), 73-90. 
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THE EFFECTS OF CONDITIONS OF WOBK UPON MONOTONY 
1. iTAe ESect of Uniformity and Variety in Work 

Uniformit|r io work is a prevailing feature in the monotony pro* 
ducing situimon. The insistence upon uniformity, upon specialization, 
is based updn the belief that keeping the worker at one task favors 
production, whereas, variation of any kind in the performance of a 
task interferes with industrial proficiency. As a matter of fact, the con- 
cern of the psychologist and economist with the effects of repetitive 
work- upon the worker has been looked upon as of only academic 
interest by industrial leaders, who insist ^t the highly repetitive 
process is necessary to maintain the demand quantity production, 
and who are convinced that the efficiency of the individual worker is 
directly proportionate to the degree of automatization of his work. 
The industrial executive is inclined to believe that any procedure 
which substitutes variety for uniformity can do nothing but interfere 
with the productive efficiency of his plant. He may even frankly 
state that his responsibility to the worker is a limited one, and that 
the worker can seek employment elsewhere if he fails to find happiness 
or becomes irritated or over-fatigued in the specialized job on which 
he is engaged. He may even fall back on the questionable discovery of 
Goddard, so widely held by the intelligenzia who read the American 
Mercury, that the average American is a moron, and does not deserve 
a better fate than to act as a substitute for a robot in the American 
plant. 

The influence on production of uniformity and variety of work has 
been investigated in a number of laboratory and plant studies. One 
of these, by Wyatt,®^ .was carried out in connection with the packing 
of drugs in the shipping room of a manufacturing concern. Three 
schedules of work were followed. In one, the drugs were assembled, 
counted, packed, and wrapped by each worker. The second involved 
a change in occupation every half hour. In the third schedule of work 
the same work was done throughout the day. A schedule involving half- 
hour changes was found to be least efficient. On the other hand, there 
was found little difference in efficiency between the work involving 
few variations and work involving strict uniformity. Moreover, ob- 
servations on the part of the investigator and introspective reports led 
to the conclusion that repetitive work throughout the day was con- 
ducive to fatigue, boredom, and monotony. 

In a more recent study, Wyatt and Fraser analyze the effects of 
variety as compared with uniformity of work in soap wrapping, hand- 
kerc^ef folding, cigarette making, cartridge case assembly, and in 

«S. Wyatt, “The Efiect of Changes in AcUvity,” Ind. Fat. Res. Bd. Rep., No. 26 
(1924), pp. 13-37. 

** S. Wyatt and J. A. Fiaier, “The Comparative Effects of Variety and Uniformity in 
Work,’* Ind. Fat. Res. Bd. Jtep., No. 52 (1928), pp. 36. 
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bicycle chain assembly. In the varied phase of soap wrappings for 
example, the operatives first went to the storeroom and obti^^ 144 
tablets of soap and the same number of wrappers. 72 of these were 
wrapped in wax paper and in an outer wrapper, the ends of the wrap- 
pers gummed and labeled and the completed tablets packed in the 
small cardboard boxes. The worker then changed from a sitting to 
standing position and wrapped the filled boxes (4 boxes to each pack- 
age) in brown paper, sealed and labeled the ends and placed them 
in a wooden case. The remaining 72 tablets were then treated in a 
similar manner and the wooden cases carried to a conveyor at some 
distance away. In the uniform phase of this work the operatives were 
placed at a bench to which soap was supplied by a conveyor. The 
responsibility of the girl was limited to wrapping the soap and packing 
the tablets in the card^-board boxes. 

Observations were made on 6 girls employed for 5 days in both the 
varied and uniform phases of operation. Results obtained under both 
conditions of work are shown in Table 67. It is evident that the uni- 
form method of work favors production. However, the difference be- 
tween production under the two conditions of work is not great. In 
addition, an analysis of work curves showed that the uniform rate of 
working was associated with greater variety in rate of production from 
period to period. 


TABLE 67 

Average Hourly Output on Days of Uniform and Varied Activity 

SOAP WRAPPING 


WORKER 

A 

B 

C 

D 

E 

F 

Uniform process . . . 

194.2 

246.0 

243.8 

223.6 

245.5 

214.3 

Varied process 

18S.7 

240.9 

237.3 

222.S 

230.2 

206.9 

Per cent diff.^^ 

— 4.4 

— 2.1 

— 2.7 

— 0.5 

— 6.2 

—3.5 


In the case of handkerchief folding two different styles, known re- 
spectively as the Oblong and French style, were employed. Eight girls 
were observed for a period of 3 weeks, and the time taken to fold a 
dozen handkerchiefs noted continuously throughout the spell. On 
some days the two styles were used alternately, the style being changed 
at hourly intervals. On other days, the same style of folding was main- 
tained throughout the day. Production under uniform a^d varied con- 
ditions of work are shown in Table 68. In the case of this task variety 
slightly favors efficiency. 

In the case of bicycle chain assembly (Table 69) the differences are 
found to be more markedly in favor of variety. Moreover, an analysis 

^^Per cent difference in output is calculated on the basis of output observed in the 
uniform phase of work. (After Wyatt and Fraser.) 
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of work curves shows that when the same kind of activity was con- 
tinued throughout the day, there appears a pronounced decrease in 
efficiency toward the end of the working spell. This decrease is less 
marked when operatives are employed on a different task in the first 
half of the ^11. 

In the case of tobacco weighing and cigarette making an attempt was 
made to determine: 

(1) The optimum duration of one form of activity before changing 
to another. 

(2) The most suitable type of work for the alternate process. 

The character of the procedure employed in this phase of the study 

may be illustrated by reference to cigarette making. On this job each 

TABLE 68 

Average Hourly Output {in dozens) on Days of Uniform and Varied 

Activity 


' 

HANDKERCHIEF 

FOLDING 




WORKER 

A B 

C 

D 

E 

F 

G 

H 

Uniform process . 

27.8 27.5 

24.1 

26.3 

24.9 

27.1 

22.8 

24.6 

Varied Process . . . 

27.9 28.0 

24.8 

26.4 

24.5 

26.9 

23.7 

24.9 

Per cent diff.*® . . . 

-f .4 4- 1.8 + 2.9 

+ .4 

— 1.6 

— .7 + 3.9 -f 1.2 


worker is supplied with tobacco from which a small quantity is taken 
and rolled prior to insertion in cylindrical cigarette paper. The pro- 
truding ends of the tobacco are then cut off with a pair of scissors. 
Before the experiment was introduced, the ends of the cigarettes were 
cut off by assistants, but for the purpose of this experiment both opera- 
tions were performed by a single operative. 

Operatives were paid on a piece-rate basis. Hours of work were 
from 8.00 to 12.30 and 1.30 to 5.00 with a fifteen minute break in the 
early part of the morning. 

The schedule of work followed in the course of the experiment was 
as follows: 

Monday: Making and cutting alternately according to the work- 


er’s inclination. * (Series 1) 

Tuesday: Making for one hour, then cutting. (Series 2) 

Wednesday: Making for 1^ hours, then cutting. (Series 3) 
Thursday: Making for three hours, then cutting. (Series 4) 
Friday: Making all day. (Series S) 


Each of ten workers was observed few a period of approximately 2 
weeks in the course of the ten-week period over which this experiment 
extended. 

*'Per cent difference in output is calculated on the basis of output observed in the 
aniform phase of work. (After Wyatt and Fraser.) 
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A record was kept of the number of cigarettes made in consecutive 
S-minute periods and the nature, duration, and time of all voluntary 
pauses were noted. 

The variations in rate of production coinciding with these different 
conditions of working are shown in Figure 80. Eadi curve indicates 

TABLE 69 

Average Hourly Efficiency at Corresponding Times on Days of 
Uniform and Varied Activity 

BICYCLE-CHAIN ASSEMBLY 


WORKER A B C D 

Uniform process 77.4 61.4 61.5 62.8 

Varied process 79.4 64.2 64.6 64.3 

Per cent diff.®* +2.6 +4.6 + S.O +2.4 


the output produced in consecutive five-minute periods throughout the 
day, expressed as a percentage of the average output on the days of 
continuous, unvaried activity. The drops in the curves in the early part 
of the morning spells are caused by operatives stopping for refreshments 
at slightly different times on different days. 

The curve obtained on days of uniform activity is both lower and of 
a different shape than those obtained under more varied conditions of 
work. It is also characterized by the noticeable depression in the middle 
of both the morning and afternoon spell of work which has been so 
often observed in uniform work accompanied by monotony. 

When the form of work is changed after three hours of uniform 
activity, a somewhat different type of output curve is obtained. In the 
first place, production following the luncheon interval is higher and 
free from the marked depression observed on the days of uniform ac- 
tivity. Otherwise the afternoon curve is similar in tendency to the one 
previously described, but is on a higher level and has a more pro- 
nounced final spurt. 

When the activity is changed at the end of 1^ hours, the beneficial 
effects are still more marked. The output in the latter half of the morn- 
ing spell is the highest recorded in any of the experimental series. It is 
also high in the initial and final stages of the afternoon spell. Although 
in the latter spell there is a reduction in output in the middle period, 
the extent of the decrease is very much less than under the more uni- 
form conditions of work. Somewhat similar tendencies are present when 
the same form of activity continued for only one hour. Under such 
conditions the output curve approaches more closely to a horizontal 
straight line. 

** Pet cent difference in output is calculated on the basis of output observed in the 
uniform phase of work. (After Wyatt and Fraser.) 
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Figure 80 . Variations in the rate of working produced when the form of 
activity is changed at different times within the spell of work {Cigarette 
making). 

{After Wyatt and Fraser) 
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restilts of this iavestigatlon favor the view that compkie 
uniformity in manual repetitive work is generally less productive and 
leads to greater irregularity in the rate of working than a reasona^ 
degree of variety,^’’ which is also preferred by the workers, thnngh 
this effect seems to depend partly on the nature of the process mul 
partly on the individual operative. Furthermore, while frequent changes 
are definitely detrimental to production, there is some evidence that 
the best conditions are attained when the form of activity is changed 
after li to 2 hours of unvaried work.” 

Wyatt and Fraser accept the hypothesis, in explanation of the in- 
creased efficiency with variability in work, that fatigue produced by 
light repetitive work is more local than general. This is in accord with 
what has been generally observed in the case of uni-lateral muscular 
activity. A change in the form of activity serves to utilize other parts 
of the body mechanism, thereby creating a situation which is favorable 
to productive activity. In so far as this is the case, changes in work 
should be so arranged as to balance the use of the muscles — or, if pos- 
sible, to alternate the fatiguing muscular process with one which 
is essentially mental in character. A high degree of resemblance be- 
tween alternating forms of activity, although subjectively satisfying, 
is not conducive to increased output. These viewpoints are in accord 
with earlier laboratory studies on the more general aspects of uniform 
and repetitive work.*® 

The results and conclusions of this investigation have been cited in 
some detail by reason of the unique character of its approach and be- 
cause of Uie significance of its findings. The conclusions may not apply 
directly to other forms of work, inasmuch as the benefits to be derived 
from an increase in the variety of activities depend upon: 

(a) The type of work, 

(b) The nature of the alternating activities, 

(c) The frequency of the change. 

However, the demonstration, under controlled conditions, that the 
substitution of variety for uniformity in simple tasks may actually in- 
crease productive efficiency is of tremendous importance. Its signif- 
icance is increased when it is recalled that variation is in most in- 
stances followed by increased satisfaction on the part of the worker, 
in the case of whom “the anticipated change in work seems to create 
a more buoyant attitude toward the task and diminishes the inhibitory 


S. Wyatt and J. A. Fraser, op. dt., p. HI. 

“•/bid. 

** A. Weysandt, “Ober den Ebifluss des Arbeitswechseb auf fortlftufende gebtige Arbdt.” 
Psychol. ArbeU., Vol. II, pp. 118-202. 

E. L. Tbom(^: “Educational Psychology,” Teadiers College, Columbia Univ., 1914, 
Vol. lU, p. US. 
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effects prodt^d 1^ the prospect of an unbroken spell of uniform 
work.” 

To the extent that variety improves working efficiency and mental 
attitudes it becomes possible for industry to promote the increased 
output and improved adjustment of workers susceptible to monotony, 
at no economic loss, merely by a re-organization of the conditions of 
work. Such re-organization would unquestionably entail serious ad- 
ministrative difficulties in many plants. The administrative problems 
may, however, in many instances be less serious, both to the individual 
plant and to society, than the decreased production, the lowered morale, 
the unrest, and impaired social adaptation apparently noticed when 
individuals who are susceptible to monotony are forced to labor at 
monotony producing tasks. 

2. The Influence of Other Conditions of Work 

(a) Rest Pauses. An analysis of the production curve in repetitive 
work has revealed a tendency for a decrease in the rate of production 
co-incident with the onset of monotony. Studies conducted by the 
Industrial Fatigue Research Board have indicated that properly spaced 
rest pauses tend to delay the onset of boredom and to maintain the 
uniformity of output at the level of the early part of the work spell. 

The value of the rest pause in reducing monotony has been confirmed 
through an investigation in a textile plant by Mayo.*^ In the spinning 
department of this plant turnover was found to be 250 per cent. In 
addition, there was much complaint about health by the workers and 
considerable pessimistic revery associated, according to Mayo, with 
monotony. The introduction of rest pauses, during which workers were 
instructed to lie down and relax, resulted in increased production, a 
decrease in fatigue, and a virtual disappearance of pessimistic reveries. 
Turnover was almost completely eliminated. In this investigation the 
variables of fatigue, morale, and monotony have not perhaps been so 
completely isolated as in the English studies, but monotony seems to 
be unquestionably one of the variables involved. According to Wyatt ** 
“there is not the least doubt that a rest of ten minutes’ duration, in- 
troduced about the middle of the work-spell, tends to neutralize the 
unpleasant and unfavorable effects of repeated activity, and is capable 
of producing an increase in output varying from 2 to 10 per cent.” 

(b) System of Payment. There is evidence that the method of pay- 

** S. Wyatt and J. A. Fraser, op. cit., p. 24. 

0 . H. M. Vernon, T. Bedford and S. Wyatt, “Two Studies on Rest Pauses in Industry,” 
tnd. Fat. Res. Bd. Rep., No. 2S (1024), pp. 34. 

b. S. Wyatt, “Studies in Repetitive Work,” Ind. Fat. Res. Bd. Rep., No. 32 (1025), pp. 43. 

e. H. M. Vernon and T. Bedford, “Rest Pauses in Heavy and Moderately Heavy In- 
dustrial Work,” Ind. Fat. Res. Bd. Rep., No. 41 (1027), pp. 34. 

d. S. Wyatt, “Rest Pauses in Industry,” Ind. Fat. Res. Bd. Rep., No. 42 (1027), pp. 24. 

E. Mayo, “Day-Dreaming and Output in a Spinning Mill,” J. Ncd'l Inst. Ind. Psych., 
2 (1025), pp. 203-200. 

** S. Wyatt, “Boredom in Industry,” J. Pers, Res., 8 (1929), pp. 161-171. 
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ment affects the appearance of monotony. Sachs early expressed the 
view that monotony may be more easily induced under a time-rate 
than under a piece-rate system of pajrment. Evidence of this is re- 
ported by Wyatt, Fraser, and Stock ®® in the form of expressions of 
preference by packers in a chocolate factory. Added interest and satis- 
faction seem to be obtained from a direct comparison of production 
with the objective results in the form of money payment. Attention 
otherwise centered only on the slow passage of time becomes drected 
toward this other aspect of the job. 

(c) Changes in Operating Methods. An experiment in the manu- 
facture of cigarette tins*® serves to illustrate the possible effect of 
slight changes in operating methods, not hitherto discussed, upon the 
incidence of monotony. On this Uisk, 3 girls worked in a row on a 
moving belt placing air tight lids on cigarette tins. The flow of work 
was such that the girl in position 1 actually handled approximately 
twice as many tins as the girl in position 3. To compensate for these 
differences it was customary for the girls to change positions at the 
beginning of each day’s work. The introduction of 6 changes in posi- 
tion per day resulted in an increase of production of approximately 10 
per cent, in an increase in the uniformity of rate of production (closer 
approximation of the typical production curve), and to a decrease in 
monotony. Similar results have been obtained by the author in an 
analysis of the production of female wool sorters. 

The method of supplying material to the workers also affects bore- 
dom. The division of a batch of work into smaller units appears to 
favor the maintenance of interest and the delay in the onset of mo- 
notony. According to Wyatt and Fraser *'' the unending flow of ma- 
terial on a moving belt gives the impression of an endless task. When ma- 
terial is supplied at intervals throughout the period of work, each unit 
is regarded as a self-contained whole. In the completion of each unit 
the worker finds the same satisfaction and stimulation which appear 
only at the end of the morning’s work and of the afternoon’s work when 
the operative is furnished with a single or continuous supply for the 
entire spell. However, differences in preference for the “controlled” 
and “uncontrolled” tempo, such as noted by Gemelli and Galli ®* must 
be considered in this connection. 

(d) Other Factors. The opportunity for workers to engage in con- 
versation has been suggested as an antidote for monotony. The effect 
of talking has been observed in both the laboratory and industrial 
studies by Wyatt, Fraser, and Stock.*® The percentage iticrease in time 
taken to complete a unit when activities were accompanied by talking 

H. Sachs, “Das Monotonie problem,” 2. fur Ang. Psych., 16 (1920). 

*• S. Wyatt, J. A. Fraser and F. G. L. Stock, op. dt., p. 34. 

•“ S. Wyatt and J. A. Fraser, op. cU., Appendix A. 

Ibid., p. 29. 

••A. Gmelli and A. Galli, op. cit. 

** S. Wyatt, J. A. Fraser and F. G. L. Stock, op. at., pp. 22-29. 
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was obtained by averaging all the observations recorded when con' 
versations occurred and comparing them with the average of the sQent 
period. The pesulte Show that talking affects output adversdy. Tbe 
extent to whhih talking affects production seems to be related to the 
industrial activity involved. However, introspective reports suggest 
that it is a powerful antidote to boredom. In view of this, it is possibly 
a method to be employed to overcome monotony, in spite of its effect 
upon producdon. 

The maintenance of interest by the dissemination of more detailed 
knowledge {d)out the job has been suggested as another method of 
overcoming monotony. This represents an indirect way of injecting into 
the task an interest not inherent in the uniform operation itself. 

The development of group loyalties, of an active participation in the 
maintenance of standards, representation in management, etc., have 
likewise been reconunended as substitutes for creative experiences not 
present in ^ecialized tasks. However, the influence of these more 
general devices is still a matter of conjecture, awaiting the controlled 
analysis to which the factors discussed above have already, to some 
extent at least, been submitted. 

SUMMARY 

This review of findings and viewpoints in the study of monotony 
reveals an approach from two angles, viz.; 

(1) An analysis of the nature of monotony. . 

(2) An experimental study of specific influences. 

Ibe former approach has resulted in the formulation of a number 
of theories with respect to the causes of monotony. The foremost of 
these may be briefly summarized: 

(a) Munsterburg,^® following a viewpoint expressed earlier by 
Ranschburg,*^ refers monotony to difficulty in the perception of re- 
peated similar or homogenous stimuli. Individuals whose perception of 
a stimulus is facilitated by others, similar to it, which have preceded 
it, do not experience monotony in repetitive work. Those who are com- 
pelled to attend to each successive uniform stimulus only with effort, 
because the reception of each impression inhibits the reaction to the 
next similar impression in a series, experience a feeling of displeasure 
or monotony. 

(b) If the viewpoint of Veblen,** or Parker,** is to be accepted, mo- 
notony is largely tension resulting from the conflict between native 


*0 H. Miinsterburg, of. eU. 

Ranschburg, “uber Hemmung gleichartiger Reirwirkuiigen,” Zeit. Psych, und 
Pkys. Sr Sinn, 30 0902); “Uber die Bedeutung der Ahnlicfakeit beim Erlemen, Bebalten 
uod bei der Reproduktion,” /, Psych, und Neur., S (1905). 

**T. Veblen, of. dt. 

** C. Parker, op. eit. 
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urges toward adaptive response patterns, or instincts, and the fai|^y 
specialized and repetitive tasks of modern industry. 

(c) An inhibitory theory of boredom is favored by Myers as a 
result of the study of simple muscular activities. Erg^^thic e^ri- 
ments have shown that in long continued simple muscular work, through 
the control of the spinal cord, local inhibitory processes are set up which 
prevent the evil effects of excessive monotonous muscular excitation. 

According to Myers, in monotonous mental work a somewhat similar 
local function can be observed. If work must be continued, “the con- 
stant effort of the self to overcome these intruding inhibitions of local 
muscular or mental monotony is usually accompanied by feelings of 
‘boredom’ as interest — ^i. e., die pleasurable incentive in the work — 
wanes, and later by feelings of ‘weariness’ as that effort is invoked with 
greater difficulty. The feeling of monotony, resulting from the conflict 
developed in overcoming inhibitory forces, is thus a warning against 
the continuance of the occupation.” 

Myers points out that in many industrial processes a special “at- 
titude” or “set” must always be maintained. This is impaired by mo- 
notonous work. Boredom is the unpleasant feeling experienced in the 
process of struggling against incompatible tendencies in preserving the 
requisite “attitude” or “set” and arises whenever it is necessary to 
continue activity in the face of intruding desires and inclinations. 

“This view of boredom seems to be particularly applicable to repeti- 
tive processes in industry, in which there is usually little inherent in- 
terest, for unless perfect mechanization of an operation is achieved, 
diverted attention may be prejudicial to the worker or her machine. 
Natural tendencies, therefore, are constantly being restrained in order 
that production may proceed.” 

(d) Similar to this viewpoint is the theory developed by Winkler,^* 
Wunderlich,^* and Thompson that boredom is allied to the “attention 
set” of the individual. According to these investigators boredom is as- 
sociated with a conflict between the urge for attention to become wholly 
identified with the activity, and an incapacity to balance this urge 
with conditions of operation and a tempo imposed from without. The 
individual whose attention becomes either entirely absorbed in the task 
or entirely disassociated as a result of its mechanization, is free from 
the feeling of boredom in work. 

“The competition for attention which occurs under ordinary cir- 
cumstances is between what one wants to attend to and what he needs 
to attend to. The wants must be inhibited in favor of the needs. To 

**C. S. Mym, Mind and Work, London, 1920, pp. 204. 

" lUd., pp. 48-49. 

♦•Ibid.,p. 52. 

« S. Wyatt, J. A. Fraser and F. G. L. Stock, op. dt., p. 4. 

H. Winkler, op. cit. 

H. Wunderlich, op. cit. 

L. A. Thompson, Jr., op. cU. 
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maintain attention upon a routine task when the mind is drawn toward 
pleasing objects, memories, and imaginations means the e:q)enditure 
of effort and is fatiguing. When the need is great, as in tending a 
rapidly revolving and dangerous machine so that fluctuations of atten- 
tion mi^t niean an accident, the inhibition of the distractions soon 
becomes wearisome. The task has become monotonous.” 

The experimental ^proach to the study of monotony has resulted 
in certain definite conclusions of immediate significance to industry 
and has pointed to profitable fields for further investigation. 

(a) Monotony is shown to be distinct from fatigue. It is a loss of 
interest, a disinclination to work which may appear early in the spell 
of work and disappear toward the end of the spell when fatigue should 
be at its height. It is a mental state, apart from fatigue, which calls for 
greater effort in the completion of ^e task and in repressing ideas and 
desires in conflict with this need. 

(b) There are individual differences in susceptibility to monotony. 
These appear to depend partly upon intelligence, partly upon tempera- 
ment, and probably involve a “total personality set.” One of the most 
effective procedures in decreasing monotony in industry is the selection 
for repetitive jobs of those least susceptible to monotony. 

This finding has a definite bearing on the problem of conflict between 
the creative impulse and repetitive work. It is evident that there is no 
universal desire for self-expression in the work itself. There are many 
who find routine work desirable, who like tasks that can be performed 
with the worker almost asleep, or that leave the mind free for other 
pleasurable activities. There are others, apparently a smaller number, 
who rebel against uniform, specialized work, but even in the case of 
these, adaptation is not so difficult as is suggested by the protagonists 
of the “creative” instinct. 

(c) The introduction of variety into work reduces the feeling of 
boredom without interfering with productive efficiency in many kinds 
of work. As a matter of fact, production may actually be increased. 
This finding suggests the possibility of overcoming such unsatisfactory 
individual and social effects as may be produced by repetitive work by 
a simple administrative re-adjustment of conditions of working. 

(d) The feeling of boredom can be reduced, even in the case of 
those susceptible to monotony, by adjusting the conditions of work, 
e. g., by substituting piece-rate for time-rate payment, by allowing con- 
versation, by creating indirect interest in the task, by dividing the task 
into self-contained units, etc. 

(e) Experimental investigations indicate clearly that monotony pr^ 
motes indvidual maladjustment in many instances. There is some evi- 
dence that group unrest may be favored by pessimistic and irrational 
revery associated with bmredom in work. There is no direct evidence 
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of a serious conflict between instinctive tendencies toward creation, 
workmanship, ^If-assertion, etc. and the repetitive tasks of modern 
industry, 'ne viewpoint that the hiunan mind is dulled, and broadened 
social participation hindered by repetitive work, remains unconfirmed 
by experimental investigation. These remain spheres of investigation 
which are almost untouched, offering almost limitless oppor tuni ty for 
much discovery, perhaps not altogether in confirmation of the view- 
point, through the application of techniques in process of development 
by investigators in the field of social psychology. 
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HARMONY ? » 

I am working with the feeling 

That the company is stealing 

Fifty pennies from my pocket every day; 

But for every single pennie 

They wUl lose ten times as many 

By the speed that I’m producing, / dare say. 

For it makes me so disgusted 

That my speed shall be adjusted 

So that nevermore my brow will drip with sweat; 

When they’re in an awful hurry 
Someone else can rush and worry 
Till an increase in my wages do 1 get. 

No malicious thoughts I harbor 
For the butcher or the barber 
Who get eighty cents an hour from the start. 

Nearly three years I’ve been worJting 
like a fool, but now I’m shirking — 

When I get what’s fair. I’ll always do my part. 

Someone else can run their races 
TUI I’m on an equal basis 

With the ones who learned the trade by mining coal. 

Though I can do the work, it’s funny 

New Men can get the money 

And I cannot get the same to save mu soul. 

(The above poem was composed by a machine-shop worker out of 
the fullness of his heart. It was discovered on the bulletin board of the 
shop in which he worked.) 

Why man works is a fundamental question in considering man’s 
efficiency and adjustment in industry. Categorical answers to this ques- 
tion are not difficult to find. He works, according to the moralists, be- 
cause of an inner urge that compels him to contribute his share as a 
member of a working society of men. Man works, says the realist, be- 


* From S. B. Mathewson, Restriction of (hUput Among Unorganaed Workers, New 
York, 19S1, p. 127. 
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cause only by doing so can he feed himself and hk fain% and provide 
for other wants. According to this view he works, because he is paid 
for it, and the amount of work he wdll do and the satisfaction he de- 
rives from it, will depend upon the amount of pay he receives, in other 
wor^, upon the attractiveness of the finandd htcetiim. 

TYPES OF FINANCIAL INCENTIVES 

An emphasis upon wages as an incentive to work is evident in the ^ 
system of scientific management conceived by Taylor and extended by 
his followers. As has already been pointed out in Chapter II, Taylor 
recognized the existence of other incentives, but, in practice, increased 
pay for increased work was employed as die sole inducement for en- 
couraging maximum production.^ The importance attached to wages is 
evident in the differential system of wage payment,* devised by Taylor, 
in which each operation is assigned two piece prices, one from 30 per 
cent to SO per cent higher than the other. The worker who completes 
in a day a number of pieces less than the standard task, as established 
by time studies, is paid at the lower rate. The worker who completes 
more than the number of pieces included in the standard task is paid 
at the higher rate. Taylor’s system has been elaborated into the Mer~ 
rick Multiple Piece Rate system, with 3 distinct piece prices — ^a lower 
one for production up to 83 per cent of the standard task, a middle 
one applying to production between 83 per cent and 100 per cent, and 
a higher piece price paid for production above 100 per cent of the task. 

To avoid the penalty imposed upon new workers by these plansj a 
task and bonus rate has been developed. In this each worker is paid an 
hourly rate if his production falls below the standard, and at a piece 
rate if production equals or exceeds the standard task. The piece and 
bonus plan represents a further development of this system. Under this 
plan each job is assigned a piece price. A standard task is established 
on the basis of average rate of production per piece for a period of 
several mcmths. The incentive for increased production is in the form 
of a bonus, amounting generally to approximately 20 per cent of the 
normal piece-wm-k earnings, for each worker who exceeds the task 
level. 

Other wage incentive plans have been used.^ They all have one 
feature in common — an attempt to increase the amount of production, 
and thereby lower the unit cost of production, by employing the lure 
of increased earnings. There is no question that such financial incentive 
plans We served the purpose of raising output. So, for example, a 
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recent study of the operation of more than 20 super-incentive wage 
plans shows j&at: 

1. Production levels have generally increased from 1 per cent to 
18 per cent by the use of such plans; 

2 . Employees’ average earnings have generally increased from 1 per 
cent to 30 per cent; and 

3. Total costs per piece have generally decreased from 1 per cent 
to 11 per c«»t.* 

THE INADEQUACY OF FINANCIAL INCENTIVES 

In spite of these elaborate techniques for stimulating the worker 
to increased production there is evidence that industry is far from 
attaining the objective of maximum output. There appears still to be a 
large reserve of yield resulting in part from the voluntary restriction 
of output by the worker — a “conscientious withdrawal of efficiency” 
by slowing down, bungling, and obstruction.® 

For many years unions have established a frank policy of controlling 
output in order to increase their power; to stretch out available work; 
to avoid reduction in piece rates, and to protect the worker from an 
undue expenditure of energy. Such restriction is well exemplified in the 
limitation of the number of bricks by the bricklayers’ union; in the re- 
fusal of painters’ unions to allow the use of a brush wider, than 4^ 
inches; in the demand by plumbers’ unions that pipe be cut and 
threaded on the job, etc.'' Voluntary limitation of output is not, how- 
ever, limited to organized workers. As Mathewson ® has recently shown, 
it is being practiced on an enormous scale by factory and office work- 
ers at diverse occupational levels in practically every industry. Evidence 
of this was obtained by means of first hand observations and from 
interviews with approximately 350 workers and 65 executives. While 
making observations the investigator actually worked as a laborer, 
machine operator, and in other occupations, living with working people 
in their home environment. Interviews included formal conferences 
with people who had been informed of the purpose of the inquiry and 
informal conversations with fellow-workers. Whenever possible, two or 
more workers employed under the same conditions were interviewed 
in order to check the accuracy of statements. In addition to observa- 
tions made by the investigator himself, a group of 6 workers co- 
operating in the study made a series of separate reports in the form 
of personal letters from industrial centers. 

Two hundred and twenty-three instances of obvious restriction were 
recorded in detail. These were found in 105 establishments in 47 locali- 
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ties, representing 25 classified industries and 14 miscellaneous in- 
dustries. Cases included two types, (a) those in which production was 
actually reduced, aitd (b) those in which the intent to restrict was 
clearly evident, whether or not restriction actually resulted.' 

The nature of restriction and the character of ±e underlying factors 
are well illustrated by data gathered in a machine manufacturing plant, 
where the investigator was one of a gang of 3 production workers, on 
a group bonus, who believed that if earnings rose above 95 cents an 
hour, the management would reduce rates. Although the men could 
easily have produced approximately twice as much work, output was 
intentionally restricted to the lower figure to prevent cuts. This is an 
instance of the many cases in which the worker finds justification for 
limitation of output in the administration of the very plan — the wage- 
incentive plan — ^which is intended to augment production.^' Associated 
with this is limitation of output as an expression of resentment against 
speeding up, as evidenced, for example, in the custom of workers on a 
conveyor line in a can manufacturing plant to throw a piece of scrap 
tin into the works, or to put a can in crookedly, in order to stop the belt 
after it had been speeded-up 33^ per cent by a “cheese engineer.” ** 

Production is adjusted by the worker not only with respect to pay {| 
and speed of work but as a means of postponing lay-offs, steadying 
emplo}mient, and stabilizing earnings.^' In addition, such intrinsic fac- 
tors as grievances, dislike, hard feelings toward management, and 
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discourageipkent unquestionably interfere vrith maximum production. 
There may,, be no justification for the grievance, and antipathies, but 
these, whe^er imagined or real, have an unquestioned effect upon the 
amount of pvork which is turned out.^* Dislike of over-time work and 
the monotony of the operation also drive workers to seek relief in 
restrictive |^ractices.^* To these causes, which are justified by the worker, 
and which may be perhaps justified by others, is that limitation of 
output which results from a straightforward disinclination to work and 
which, in some cases, at least, explains slowing down and perhaps actual 
sabotage the part of the worker. 

As a result of observations and interviews with workers and man- 
agers, Mathewson reaches the conclusions that: 

*4. Restriction is a widespread institution, deeply intrenched in the 
working habits of American laboring people. 

2. Scientific management has failed to develop that spirit of con- 
fidence between the parties to labor contracts which has been so potent 
in developing good-will between the parties to a sales contract. 

3. Underwork and restriction are greater problems than over- 
speeding and over-work. The efforts of managers to speed up working 
people have been offset by the ingenuity of the workers in developing 
restrictive practices. 

4. Managers have been so content with the over-all results of man- 
hour output that only superficial attention has been given to the work- 
ers’ contribution or lack of contribution to the increased yield. Attempts 
to secure increased output have been marked by traditional and un- 
scientific methods, while the workers have held to the time-honored 
practices of self-protection which antedate time, study, bonus plans, 
and other devices to encourage capacity production. 

5. The practices of most manufacturing managements have not as 
yet brought the worker to feel that he can freely give his best efforts 
without incurring penalities in place of the rewards which usually ac- 
company special attention to duty in other fields of endeavor. Regard- 
less of how much the individual may or may not desire to contribute 
a full day’s work, his actual experiences often turn him away from good 
working habits.” 

THE QUEST FOR NON-FINANCIAE MOTIVES-IN-WORK 

This analysis of restriction of output reveals not only an unhealthy 
economic condition, but a serious situation in workers’ attitudes toward 
management. It is one sign of a defeatist morale which influences tre- 
mendously both the economic efficiency of industry at large and the ad- 
justment of the worker in the individual plant. Other signs of waste 

“/Wd., p. 103. 

«/Wd., p. 1S2. 

«/Wd., pp. 146-47. 
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in human values, growing out of unfavorable attitudes and dissatisfac* 
tion in work, are evident. Among these is the strike, which is perhaps 
the most evident expression of industrial discontent. For the 25 years 
between 1881 and 1906 there was recorded in the United States an 
average of 1470 strikes yearly. For the S year period subsequent to 
1917 an annual average of 3342 strikes — 10 per day — provides one 
measure of the destructive force — ^in time, money, production, and in- 
dividual suffering— of industrial dissatisfaction.^^ 

Such facts have focussed attention on the need for a more detaOed 
anal 3 rsis of motives4n-work to determine the factors that underlie at- 
titudes and activities which promote or interfere with economic effi- 
ciency and individual satisfaction at work. As never before, in industry, 
there is an appreciation of the vastness of human powers and of the 
delicacy of their control. As never before, there is a search for the 
springs of action — for a better understanding of the deeper sources 
of men’s daily doings at work.^^ 


THE INSTINCTIVE BASIS OF ECONOMIC ACTIVITY 

In the search for those deeper sources certain psychologists, econ- 
omists, and sociologists — ^among them Patten,^* Veblen,“. Trotter,*® ii 
Tead*^ — ^have pounced upon the “instinct” as the prime mover in|| 
economic activity. This emphasis on the instinctive, and therefore im-l^ 
pulsive basis of human conduct, reflects a reaction against older in-^ 
terpretations that viewed behavior as almost wholly rational and will- 
ful.** It represents a departure from a hedonistic theory of action 
which explains all conduct as motivated by a desire to secure pleasure 
and to avoid pain.*® It discards the concepts of specific “conscious” 
and “unconscious desires” as the springs of action, and substitutes 
an impulsive force of some instinct as the driving power behind every 
activity. This viewpoint accepts as a fundamental assumption Mc- 
DougaJl’s statement that “the instinctive impulses determine the ends 
of all activities and supply the driving power by which all mental 
activities are sustained,” and that “without them the human organism 
would become incapable of activity of any kind; it would be inert 
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and motionless like a wonderful clockwork whose mainspring had been 
removed or a steam engine whose fires had been drawn.” 

The sigt^cance attached to instincts in industry is perhaps best 
illustrated jb Parker’s studies of motives in economic life.‘‘ Man, ac- 
cording to this author, “is born into this world accompanied by a rich 
psychical (fibposition which furnishes him ready-made all his motives 
for conduct, all his desires, economic or wasteful, moral or depraved, 
crass or aesthetic.” Economic, as other forms of activity, is motivated 
by the demand for the realization of these instinctive wants, which are 
the efficient and tried guides of conduct, representing “the result of 
endless experiments of how to fight, to grow, to procreate, under the 
ruthless valuing mechanism of the competition for survival.” 

Every instinct,®* according to Parker, is subject to the Freudian 
formulae of repression, rationalization, and sublimation. If balked, it 
will break out in nervous disorder. If properly directed, its motive force 
may be sublimated into socially beneficial channels.®* If an environ- 
ment interferes with the play of these instinctive motives the human 
organism may undertake a complete, tenacious, and destructive revolt 
against it— a revolt which, in industry, may express itself in the form 
of mild restriction of output, of severe sabotage, or of a rising against 
the very form of organization itself. This revolt expresses not willful, 
responsible behavior, but a stereotyped reaction against these con- 
ditions. The forces which interfere with instinctive expression in the 
industrial environment include monotonous Work, dirty work, spe- 
cialized work, automatized work, the menial rdle of labor, insecure 
tenure of the job, injustice in hiring and firing, seasonal employment, 
etc.** Unhealthy fixations, irrational inferiority obsessions, are made 
part of the worker’s personality by the presence of these conditions 
in his daily task.*^ Inferiority compensation finds its outstanding ex- 
pression in the strike, the violence of which varies directly with the 
psychic annoyance, and which, in large part, reflects the mental ill- 
health generated by the worker’s experience in the plant.*® The ultimate 
effect of the interplay of these forces is a “true psychosis, a definite 
mental un-balance, an efficiency psychosis, as it were,” which cannot 

**W. McDougall, Social Psychology, New York, 1908, p. 44. 

** C. Parker, The Casual Laborer and Other Essays, New York, 1920, pp. 197. 
p. 133. 

»» Ibid,, p. 13S. 

^^The list of instincts used by Parker include sixteen, classified as follows; — ^Instinct 
of gregariousness; instinct of parental bent; instinct of curiosity; instinct of acquisition; 
instinct of fear and flight; instinct of mental activity; the housing or settling instinct; 
instinct of migration; instinct of hunting; instinct of anger; instinct of revolt at con- 
finement; instinct of revulsion; instinct of leadership and mastery; instinct of subordina- 
tion; instinct of ^splay; instinct of sex. Compare with Tead’s classification, Chapter 
XXIII, page 514. 

^ Z. C. Dickinson, op, cU„ p. 128. 

•0 Ibid,, p, 48. 

Ibid., p. 49. 

•‘Ibid., p. 51. 
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be cured by “our present moralizing and guess-solutions” or by “a 
ten per cent wage increase.” 

.The defence of the instinct hypothesis by Parker rests on a study 
of activities and conditions of work of migratory workers — the casual 
laborers — of the western and northwestern parts of the United States. 
However, according to this author, conflict appears wherever industrial 
conditions fail to satisfy the instinctive wants. This viewpoint is sup- 
ported by DeMan,®* as a result of a study, by the questionnaire method, 
of the feelings toward work, of 78 students of the Academy of Work 
at Frankfort, The majority of these were adult workers, including 12 
students from the met^ industry, 10 from publishing, 6 from transpor- 
tation, 5 from public service, 4 from textile, etc. By analysing the ques- 
tionnaires DeMan arrived at a summary rating on the favorableness 
of attitude toward work. Only 11 per cent of unskilled workers were 
found to experience joy in work, in comparison to 44 per cent of the 
semi-skilled and 67 per cent of the skilled workers. The relatively 
greater dissatisfaction with work of semi-skilled and unskilled work- 
ers is explained on the grounds of the intensified conflict between the 
creative and other important instincts and conditions of work in the 
less skilled tasks. Specialized work, repetitive work, unsatisfactory 
physical conditions of work, excessive fatigue, are stressed by this 
author, as they were by Parker, as factors at the source of conflict with 
instinctive motives, and of industrial unrest and dissatisfaction. 

THE INADEQUACY OF THE INSTINCT HYPOTHESIS 

In spite of the popularity, not so many years ago, of the instinct 
hypothesis, there is a tendency today to question the adequacy of a 
treatment of motives in terms of instincts. The chief objection to the 
instinct explanation of motives is that in the final analysis instincts are 
nothing more than logical abstractions.^® There is no experimental evi- 
dence that they exist as actual structural entities or processes within 
the organism. As an aid in classifying human ways of acting the con- 
cept is probably useful, but the assumption that the instincts represent 
well-organized neurological or mental patterns of behavior is entirely 
gratuitous.*® Equally fanciful, allowing for a moment the existence 
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of instincts^ is the assumption that there are appetites or impelling 
urges '^claiTOring for gratification’^ in the case of all the instincts. 
It is possib^, for example, that in the cases of sex and hunger there are 
periodic chanical secretions in the body which create an over-whelming 
urge for th^ expression of these instincts. It is also possible that these 
instinctive iendencies can not be completely and permanently repressed 
without seriously influencing the stability of the individual. However, 
there is no reason for believing that such a condition exists in the case 
of curiosity, manipulation, defense, and other ways of acting that have 
been classified in instinctive groups by the proponents of the instinct 
hypothesis. To avoid this issue, as Freud has done, by insisting that all 
instincts go back to the sexual — by the injunction cherchez la femme, 
is merely another example of over-simplification of the problem— or 
the tendency to accept as “things in themselves” what are actually 
only distinctions and classifications.®® 

Another serious objection to the explanation of motives in industry 
in terms of instinct is the neglect of other forms of behavior in man. 
Such instinctive endowment as man may possess is quickly overlaid 
by habits of experience. To these must be added intellectual and voli- 
tional determinants of conduct which undoubtedly play a prominent 
part in creating motives-in-work. It is highly probable, as Dickinson 
has indicated, that all of these are involved in the motivation of action 
and that the last word will only be said on motives when the last word 
has been written on psychology. 

EXPERIMENTAL INVESTIGATIONS OF MOTIVES-IN-WORK 

The appreciation of the inadequacy of the instinct explanation of 
; motives has directed attention toward the need of the broader experi- 
; mental investigation of the source of attitudes and activity in work, 
j It is recognized that the analysis of motivating factors in work requires 
an application of experimental techniques similar to those which have 
been so successfully used in the study of accidents, monotony, train- 
ing and other phases of work. It involves primarily an accumulation 
and interrelation of facts concerning the influences which determine 
the behavior of the individual in the industrial situation. In accumulat- 
ing these facts the investigatof. may start with a hypothesis but the 
objective must be not that of finding facts which fit the hypothesis but 
of determining whether the hypothesis fits the facts. He discards such 
convenient labels as purpose, urge, desire, appetites, and similarly 
theoretical factors adopted on a priori grounds in the explanation of 
all behavior in industry. He adopts, for the study of motives, the uni- 
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versal methods of science — those of collecting facts and formulating 
conclusions only on the basis of established correlations among ob* 
served facts.*® 

Among the problems to be considered in such a fact-finding investi- 
gation of motives in work are questions as: Wh&t is the effect upon the 
mental attitude of the worker, more particularly upon his will to work, 
of various wage systems; of various wage levels, in relation to the pur- 
chasing value of money; of payments in money or in kind? What is 
the reaction to deductions from his pay for insurance or other purposes? 
How does he react toward the introduction of machinery, toward scien- 
tific management, and towards the effects of these upon the labor 
market and the relationship between labor and production costs? What 
is the relationship between the intensity of the will to work and the 
frame of mind of the worker on one side and production in general, 
the relationship to the working organization and the attitude or disposi- 
tion of the worker toward the plant and toward production on the 
other side? What are the effects of working conditions in one industry 
or trade, as compared with another related industry, upon the stability 
of the worker? ^at is the effect of unemployment insurance upon the 
willingness or desire to work? How does the amount of sick benefits, 
in relation to pay, influence the tendency of the worker to report sick? 
What is the influence of working and living conditions upon the way in 
which the worker spends his free time, and how does this, at times, 
reflect itself in production? 

The object of psychological investigations of this sort in industry 
must be that of determining the related conditions under which tile 
worker reacts, in one or another manner, to wage systems, to a threat 
of discharge, to other factors which may influence his attitude toward 
and activity in the plant. These related conditions represent a com- 
plex pattern including, on the one hand, the physical and mental 
make-up of the worker and, on the other hand, the external conditions 
which play upon that make-up in the process of adjustment to work.*’ 

The range of investigation in this field, as Kornhauser has pointed 
out, is almost unlimited. It can include an intensive study of the 
influence of hours, method and arrangement of wage payment, age, 
schooling, nationality, management, organizations of workers upon 
mental attitudes. It will involve a detailed and direct study of feelings 
and attitudes of individual workers by means of such scientific teA- 
niques as are available. It will lead to a comparison of different groups 
in the same plant and of different plants as an aid in th6 isolation of 
the exact factors which determine the attitude of the individual em- 
ployee and the morale of the group as a whole.*® It will invariably 
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and emptatically stress the observation of facts and thek interr Nation 
as the sine fua non of the scientific study of motives-in-work. 

The German Industrial Inquiry 

A beginning has been made in the study of motives in this way. 
Ei^rimental methods employed in such investigations include the 
interview, questionnakes, rating scales, and a dkect examination of 
the effect upon production of changes in conditions of work. Perluq)s 
the most extensive of these studies, from the viewpoint of scope, is an 
inquiry conducted by the Efficiency Committee of the German Indus- 
trial Inquiry Board, under the direction of Lipmann.** This involved 
first an analysis of the statistics of many plants and secondly a direct 
interview of plant owners, plant managers, and plant workers. 

The character of the observations made in this study can be il- 
lustrated by reference to the mining industry.^* The period since 1913 
has been marked by a tremendous increase in the use of machinery in 
the anthracite coal mines of Germany. Whereas in 1913, 95 per cent 
of the coal was mined by hand, through blasting, in 1926 the percentage 
of hand mined coal had been reduced to 33 per cent. 

The newly introduced machinery has been objected to with great 
feeling by the workers, at least the older workers, mostly on the ground 
that work in the mechanized plants involves considerably more bodily 
and mentcd strain because of the noise and the greater claims upon at- 
tention. However; it was found that this violent objection on the part 
of workers to machines did not lead them to give up using the machines 
when they had the choice of using the pick axe. As a matter of fact, 
it was often noticed that the workers thronged to the plants using the 
machines, and even objected when an attempt was made to deprive 
them of compressed air hammers. 

Such facts, according to Lipmann, must not be interpreted as mean- 
ing that the workers’ objection was only “talk,” and actually did not 
exist. For such a conclusion the reports of the workers are too general. 
One of the most important facts in explaining this contradiction is the 
conservatism of the miner. It is this which accounts for the antagonism 
of the older pick man, who has not yet accustomed himself to the com- 
pressed air hammer, which is greater than that of the younger man who 
has not worked long with the hand drill. So long as the worker is not 
familiar with the new working method he objects to it. He does not 
willingly work with the conveyor, but once he starts working with it 
he does not willingly leave it. An additional factor in the display of 
conservatism, in this particular instance, is the worker’s unwilling- 
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ness to be deprived of the companionship available when the hand pick 
is used. 

Of further importance in the miner’s — ^particularly the dder miner’s 
— steadfast opposition is the fact that the machine deprives workers 
of jobs. Although it is true that the miners seek employment, perhaps 
even unwillingly, in the plants in which madunes are used, ^cause daey 
can earn more in such plants than in others, at the same time th^ 
feel that the increased pay does not correspond with the increased 
expenditure of effort and to the increase in production. 

Certain of the workers do not show a preference for the mechanized 
plant by reason of its machines, but by reason of a preference for the 
organization in the mechanized plant in comparison with the non- 
mechanized plant. The control in the non-mechanized plants is stricter, 
and a set quantity of coal is required from every man. The work is 
also more difficult because very close attention and considerable skill 
are required on the part of every man. In the mechanized plants, on 
the other hand, all that is required are regular work and a little “knack” 
which any worker can readily acquire. However, in other instances, 
the worker’s objection to the plant with conveyors is based on the re- 
quirement in such plants that the worker perform a set task, whereas 
in the other plants, apart from the usual control, the worker feels fairly 
free at his work. So it is possible, in contradiction to what has been 
said before, that, in the case of certain workers, opposition to plants 
using machines may also reflect an opposition to the stricter organiza- 
tion in such plants, which is preferred by other workers. 

Another illustration from the investigation can be used to show the 
dependence of the worker’s reaction and attitude toward a situation 
upon the intrinsic and extrinsic factors active at that time. The danger 
of losing his job, according to Lipmann, may lead either to an increase 
or to a decrease in production. It leads to a decrease when there is an 
absence of urging, on the part of the plant management, due to the 
absence of a market for the product. In this case the worker tries to 
“stretch the work” and thereby to postpone discharge as long as pos- 
sible. Increased production results when the worker believes that the 
least efficient workers are to be discharged first and the most efficient 
to be retained longest. No example can better illustrate the complexity 
of the situation and the inadequacy of arm-chair rationalizations on 
instincts and purposes. Findings such as these indicate clearly the need 
of study on die spot and personal contacts with workers and plant 
managers for an exact determination of the sources of feelings and atti- 
tudes in industry. 

In addition to this German study there are a number of American in- 
vestigations stressing the factual approach, each employing specialized 
techniques and contributing something in the way of findings, outlook, 
or procedures of importance in the analysis of motives. 
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Supervision as a Factor in Attitudes 

Of intercut among these is an investigation conducted in the Haw- 
thorne Plaift of the Western Electric Company, in which the interview 
method was employed in analyzing the attitudes of workers toward 
their jobs and toward the plant.**’ The study of the group of relay 
assemblers, described on pages 472-76, Chapter XXII, showed a con- 
tinual improvement in the performance of the operators regardless of 
the changes made during the study. From this it was concluded that 
the increase in employee effectiveness was more closely related to an 
improvement in their mental attitudes than to any of the major varia- 
tions introduced in the course of the experiment.. An analysis of the 
conversations and comments of the workers showed that altered work- 
ing conditions and the relative freedom from traditional supervision 
were the chief factors contributing to improved morale. These observa- 
tions suggested that the same relation might exist throughout the en- 
tire plant and that the best way to improve workers’ attitudes and 
morale was by approaching employees and asking them to express their 
opinions on the conditions in their working environment which they 
liked and disliked. 

Such a study was undertaken in 1928, in connection with the de- 
velopment of a training course for supervisors which was being con- 
ducted in the plant at that time. The approach was first tried experi- 
mentally in the Inspection Organization, including about 1600 skilled 
and unskQled employees in shops and offices. Upon the completion of 
the preliminary investigation, in 1929, it was extended to other parts 
of the organization, including approximately 10,000 men and women 
operators. 

The investigation involved a conference between trained interview- 
ers and employees. Each worker was approached individually and 
asked to express his views. The employee was assured that he was in- 
vited and not ordered to express himself, for it was felt that voluntary 
comments would be the most reliable. It was also understood that if he 
agreed to an interview its contents would be entirely confidential; that 
neither names nor reference numbers were to be attached to interviews, 
and tW identifying statements which might reveal the employee or his 
location were not to be recorded. 

During the first part of this study interviewers started with a set of 
questions which they expected to have answered by every one. These 
were not in the nature of a formal questionnaire, but they delimited 
the general field of approach to what the interviewer thought impor- 
tant. Following several modifications in interviewing techniques, the 
plan was finally adopted of permitting the employee, after an ex- 
planation of the program, to choose his own topic. This method, known 
as the conversation^ or indirect approach, has the advantage, accord- 

**M. L. Putnam, “Improving Employee Relations,” Pers. Jour., 8 ( 19301 . pp. 314 - 32 $- 
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ing to the investigators, of stimulating the feeling of c o pi ^d e nce , 
of giving the employee the benefits of emotional release, and of fixing 
attention upon that which the employee considers important. 

An analysis and classification was prepared of comments voluntarily 
made by workers. At first only unfavorable comments were sorted out, 
but later both favorable and unfavorable were classified and compiled. 
This classification, given below, shows clearly the things in the plant 
in which employees are interested and which determine employees’ 
attitudes and morale. If to comments on these topics are added refer- 
ences to supervision, treated sepm'ately in the analysis, there is de- 
veloped a detailed picture of the factors which are basic in the motiva- 
tion of workers in industry. 


Absence 

Light 

Social Contact 

Advancement 

Lockers 

Steady Work 

Aisles 

Material 

Temperature 

Club for Employees 

Monotony 

Thrift 

Dirt 

Noise 

Tools and Machines 

Fatigue 

Payment 

Transportation 

Floor 

Placement 

Vacation 

Furniture and Fixtures 

Restaurant 

Ventilation 

Hospital 

Safety and Health 

Washroom 

Hours 

Sanitation 

Welfare 

Interest 

Smoke and Fumes 

Working Space 


Of these factors payment is only one. Among these motivating 
forces, according to the investigators, “the relationship between first- 
line supervisors and the individual workman is of more importance in 
determining the attitude, morale, general happiness, and efficiency of 
the employee than any other single factor." 

This conclusion has led to the development in the Western Electric 
Company of training courses covering approximately 1000 supervisors. 
Comments made by the employees are used as the basis of the training 
program. In this way the employees’ comments and opinions are 
brought back indirectly to supervisors whose consideration of them 
has led to a marked improvement in supervisory techniques. 

Other by-products of this study can be mentioned. Those inter- 
viewed have had a chance to express themselves fully and to clear their 
minds of burdensome thoughts. As a result, supervision becomes easier. 
Morale is improved because the employee who has been interviewed is 
convinced that the management wants to better his surroundings and 
conditions of work. The company is obtaining first-hand information 
as to die effect of such incentives to work as thrift plans, pensions, sick 
benefit plans, athletic activities, vacations, etc. The management of 
Western Electric is convinced that it has progressed furtiier in the 

lhid,t P- 325. 
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knowledge of employee relationship during the short time that this 
.plan has been in operation than in all of the previous years of the 
company’s existence. 

This study is significant, as Mayo has indicated, as a development, 
in the study of motives in industry, of “the principle of accurate fact- 
finding — ^that has been humanity’s most reliable guide in recent times.” 

The Questionnaire-Method in the Study of Attitudes 

The value of such fact-finding inquiries and the variety of tech- 
niques that may be applied in measuring attitudes and motives are 
illustrated in an inquiry, conducted by Houser,^^ concerned with the 
attitudes of employees toward their executives and toward the organ- 
ization employing them. The fundamental assumptions of this investi- 
gation are that employee attitude is the direct result of the activities 
of sub-executives, and that this attitude can be regarded as the princi- 
pal test of the success of sub-executives. The measurement of workers’ 
attitudes, therefore, enables chief executives to hold their subordinates 
definitely responsible for workers’ morale, and to determine whether 
or not the sub-executive is fulfilling the responsibility imposed by new 
industrial leadership, that of fitting the exacting human needs of 
workers.^* 

Twenty features were selected as representing the most important 
elements of the working relationship between the employees and the 
organization. 

“I. Adjustment to Job: 

Breaking in — new job. 

Opportunity to use experience. 

Clearness of instruction, 
n. Supervision: 

Freedom to consult. 

Initiative and independence allowed in work. 

Judgments of results. 

Courtesy. 

III. Incentives: 

Security of job. 

Welfare work (insurance, pensions, sick benefits). 

Remimeration. 

Adding to ability. 

Opportunity for promotion. 

IV. Participation — Expression: 

New ideas or suggestions. 

Grievances. 

Knowledge of larger affairs (company and departmaital). 

E. Mayo, “Changing Methods in Industry,” Pers. Jour^ 8 (1930), pp. 326^2. 

J. D. Houser, op. dt., pp. 226. 
p. 173. 
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V. Working Conditions and Facilities: 

Cieoeral working conditions. 

Equipment, tools, etc. 

Fellow workers. 

Work schedule.” 

A random sample of employees in the organization was then inter- 
viewed individually by a sldlled interviewer — ^an outsider without 
knowledge or preconceived ideas about the organization. No names 
were recorded, so that the employees could have complete assurance 
of the confidential character of the interview. The interview was con- 
ducted, in this case, by means of carefully standardized questions, put 
always in the same way with the same inflections. The following ques- 
tions, asked in connection with “adding to ability,” are characteristic 
of the type used in this investigation. “Are you learning things on your 
job that will be oj use to you later on, either on this job or on a higher 
one? Are you getting a chance to learn and study some other job? How 
much do you feel that you are growing on the job?" 

The employee’s answer was carefully followed and graded by com- 
parison with a rating scale consisting of S “type” responses, separated 
by approximately equal intervals from the viewpoint of degree of feel- 
ing. This scale had been memorized by the interviewer so that there 
was no need of referring to it in the course of the conference. The 
following “type” responses, used in grading the answers to the ques- 
tions on “adding to ability,” give an indication of the nature of the 
scoring criteria. 

“5. The company certainly does encourage me and offers me every 
opportunity to develop and make progress. I’m sure I am being given 
every chance I could be. 

“4. Yes, there are a number oj pretty good chances ahead. I believe 
I’m getting some new knowledge and ability every day. It could be a 
little better, perhaps, but the company takes an interest and that’s an 
encouragement. 

“3. The chance for learning here is all right, I guess — about average 
— no kick as far as I can see. 

“2. You’ve got to pick most of it up for yourself. The job doesr^t 
give you much chance. I’ve learned about all I can. I fed that more 
interest shoidd be shown along this line. 

“1. Don’t think I’m getting along at all I I’m in a fierce rut! No 
chance to learn! There’s no encouragement at all to try to learn or go 
ahead.’’ 

Each response was assigned a numerical value ranging from “1,” 
lowest possible score indicating unqualified hostility, through “3,” the 
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middle poiitf, indicating neutrality or indiffetence, to “S,” the M glwjg t 
possible score indicating unqualified enthusiasm or favor. Scores below 
3 show dis-favor while all scores above 3 indicate favor. 

By adding the numerical values of the responses to all the questions 
and averagmg the total, a single figure is obtained which expresses the 
attitude of the individual employee. The collective group attitude can be 
expressed in an average of the figures for all employees interviewed. In 


M* IJ t J 1.0 M M 
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Figuke 81. Attitude of Employees in Departments. 

{After Houser) 

addition, by averaging the scores for employees in individual depart- 
ments, it becomes possible to compare the relative favorableness of 
attitude on the part of employees in different departments. 

In Figure 81, are shown the results of using this method of measure- 
ment in 4 large departments of a company. It indicates clearly that 
whereas sub-executives in Departments 1 and 2 have been very suc- 
cessful in winning the favor of employees, and of establishing a favor- 
able employee morale, the sub-executives in Departments 3 and 4 have 
been very unsuccessful in these* respects. Although such measurement 
of attitudes is oriented by Houser from the viewpoint of improving the 
techniques of supervision, it also represents a useful method of study- 
ing the over-all attitude of the employee toward his work, for other 
purposes, and of making a more detailed analysis of the effect of 
specific motives in work. 

The Multiplicity of Motives 

The principle of fact finding in the study of motives finds its most 
recent, and perhaps most carefully controlled application in a study 
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by Kornhauser and Sharp, conducted in the Badger-Globe Mill of 
the Kimberly-Clark Corporation. This includes an investigation of the 
feelings and attitudes of 200 to 300 girls employed on routine, repeti- 
tive machine and conveyor operations in connection with the manu- 
facture of paper products. The investigators used both informal inter- 
views and questionnaires personally administered to groups of about 
50, each question being read aloud and explained when necessary. The 
interviews aimed to secure pictures of the girls as complete personali- 
ties with a tangled network of attitudes. The interviews were informal 
in character, but the interviewer was guided by a list of questions as an 
aid in suggesting directions in whi(^ material of interest might be 
sought. 

Ilie questionnaires, similar to those used by Houser, described on 
page 575, were prepared after considerable preliminary interviewing 
and represented an attempt to treat somewhat more objectively specific 
factors in the attitude situation. 

The findings of this study, characterized by its very complete analy- 
sis of the factors which may affect the results, are too many to be cited 
in detail. A few may be used to illustrate their nature. One of the most 
significant is the discovery, in contrast to the findings of the Haw- 
thorne investigation, that “efficiency ratings of employees showed no 
relationship to their attitudes." As a matter of fact, in one group of 
20 girls with comparable output records, three of the four with most 
unfavorable attitudes were first, second, and fourth in production, and 
the two most favorable were near the bottom in production. This may 
be related, according to the investigators, to the feeling on the part of 
some of the best workers that they were not properly rewarded in com- 
parison to poorer workers. 

However, the findings corroborate the Hawthorne study in demon- 
strating the role of supervisory practices as potent disturbers of 
workers’ attitudes. In one department. A, only 29 per cent of the work- 
ers were shown to be favorably inclined by scores on a questionnaire 
measuring general attitude toward the job, while in Department B the 
figure was 71 per cent favorable. Similar differences appeared in all 
the more specific attitude-scores. The two departments were engaged 
in the same work; the employees were similar; hours, wages, and rela- 
tions to the corporation were identical; physical conditions in Depart- 
ment A were a little better than in Department B. An intimate study of 
the attitudes and conditions of the two groups left no doubt that the 
one outstanding casual influence was the unfortunate nat;are of super- 
vision in Group A. It is significant to note that negative feelings 
aroused by such supervision spread to other related matters, such as 

®*A. W. Kornhauser and A. A. Sharp, "Employees’ Attitudes,” Pers. J., 10 (1932), 
pp. 393-404. 

Ibid., p. 402. In this connection see the author’s criticism of the Hawthorne con- 
clusbns on page 476, Chapter XXII. 
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working conditions, which were actually better for Group A in spite of 
the more pronounced dissatisfaction of the workers in that group with 
these conddons. 

Other finings include low positive correlations (about .2 to .3) be- 
tween individual scores on a psychoneurotic inventory and favorable- 
ness of attitude. The relationship between neurotic tendencies and un- 
favorable attitude is closest in those departments where there is greater 
strain and dissatisfaction. This illustrates the inter-relation of intrinsic 
and extrinsic factors, and the importance, for adequate interpretation 
of industrial attitudes, of including both the subjective and objective 
explanatory factors and of striving to see them as part of a single whole 
or pattern. 

Other interesting results include the observation that the work atti- 
tudes of “those with unhappy home life” prove to be no more unfa- 
vorable than the average. The fear of losing the job or temporary lay- 
off, looms as an important factor in determining the feelings of the 
worker. An analysis of the results shows that “little things” are not 
themselves of extreme importance in upsetting morale. They are im- 
portant as they fit into a generally unsatisfactory situation, in other 
words, where there are insecurity, inadequate awards, bad treatment 
by supervisors, frustration in work, to nourish them. Minor sources of 
irritation are bound to occur, but the extent to which they will become 
deeply embedded in the feelings of the worker depends upon the soil 
which is prepared for them. 

The general impressions concerning work-attitudes left by the study 
of this group of girls are described by the investigators in the form of 
a clinical picture of a typical group of American young women en- 
gaged in routine factory work, in a small town of the Middle West 
in the year 1930. “The girls are still children. For many, management 
is a new, bigger, stronger parent. Going to work is much like going 
to school — only harder. Work is neither an evil nor a blessing, it is 
just the way of the world, unquestioned. Religion is more or less the 
same. One prays and goes to church because one always has done 
so; it is the normal, natural thing to do. Similarly, one works. There 
is no lasting joy or satisfaction in work, no sense of accomplishment; 
but likewise there is little positive resistance or antagonism, little need 
to drive one’s self to work. Aft^r all it does bring the indispensable 
dollars with which to help out at home, and with which to purchase 
permanent waves and freedom from family authority. About the only 
alternative to the factory is housework, and most prefer the factory 
with the greater independence it affords. Ambitions are very mod- 
erate. Few girls expect to get anywhere in or throu^ their work. Al- 
most all look forward, as a matter of course, to marriage and chil- 
dren. Dreams for the future are largely dreams of a prince charming. 
There is almost no working-class feeling or political and economic 
radicalism. Like diildren, the girls live for the day — or for the two 
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or three hours left to them outside of work — and for the week-end. 
Household duties, quiet home interests, church activities, movies, 
dances, parties (of all kinds), cards, auto-rides, radio — t^e are the 
centers of interest. Work merely occupies their time.” 


The Influence of Skill upon Attitude 

A somewhat novel approach to the analysis of motives-in-work has 
been undertaken by Fairchild as part of the study of skill and special- 
ization in terms of therblig-skill-averages, described in Chapter IX. In 
this, detailed schedules, rating scales, and correlation techniques were 
employed to determine the place of skill, as well as job, wages, condi- 
tions of work, “sense of capacity,” etc., as sources of satisfaction in 
work — satisfaction being defined as “a sense of actual contentment or 
enjoyment coming to a man from a particular experience.” ** 

A comparison of 4 plants showed that those in plant A tended to 
find their main satisfaction in wages and conditions of work; in plant 
B satisfaction arose primarily from conditions of work supplemented 
by the wages and the job. In plants C and D, on the other hand, work- 
ers found their satisfaction primarily in the job. At plant C conditions 
ranged a close second, with wages ranging low, while at plant D, wages 
ranged second and conditions were distributed evenly. Inasmuch as 
both mean and median skill indexes increase from plants A to D,®^ the 
conclusion is drawn that where skill exists to a considerable degree it 
becomes the first source of satisfaction to the workman. Conversely 
satisfaction in conditions of work or in wages becomes the predomi- 
nating factor only where satisfaction in skill has materially decreased. 

The results of the study suggest to the investigator that “failure to 
utilize men’s capacity for skill development is like failure to utilize the 
capacity of a waterfall flowing past one’s factory doors, or of the coal 
in one’s bins to its fullest extent. It is a waste of a natural utility di- 
rectly at hand, whose use would be advantageous to every one con- 
cerned. ... To develop a skill or technique in any line of activity, 
whether in music, art, sport, or industry, is to harness a torrent of 
rushing waters and turn it to effective account. Skill is needed in in- 
dustry today not simply as a bargaining asset for the workman, nor 
only to supplement mechanical contrivances which have not yet been 
perfected to the point where they can do the entire work unattended. 
It is needed as a fundamental psychological requirement of the work- 
man. And it presents a vast resource, which is now only partially ex- 
ploited, for increasingly efficient production.” ®® 


Ihid.f p, 404. 

»«M. Fairchild, “Skill and SpcciaUzation ” Pers. 9 (1930), p. 136. 

means of the S. !.• vary from to 108.5 between plants A and D respectively. 
(See Chapter TX, pages 160-64.) 

Fairchild, op. cit., p. 142. 
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“Caste" as a Source of Motivation 

The studies of motives-in-work so far considered, with the exception 
of that by Mathewson,®® have made use of questionnaires or of inter- 
views conducted by investigators openly recognized as such by the 
workers. A more indirect approach, involving casual case-studies, is 
illustrated in inquiries by Whiting Williams who spent many months 
working on railroads, in mines, in factories, etc., in an attempt to get 
a first-hand view of the reaction of workers to their jobs, to their asso- 
ciates, to their mapagements, to their own home problems, and to such 
other activities as might influence their desire to work and their in- 
terest in work. Among the impressions concerning the source of motiva- 
tion — or the “main-springs of men” — ^left with Williams as a result of 
his “overalls” experience is the recognition that one of the fundamental 
factors in man’s attitude toward his work is his pay check. The worker 
who walks to and from work for a week because his child has unex- 
pectedly worn out an extra pair of shoes, cannot help but be governed 
by the immediate compelling importance of regular and adequate pay. 
Living on the margin of bare subsistence anything which will effect his 
earning capacity, either immediately or in the future, brings a rapid 
and certain response in the defense of the continuity of his job. The 
narrowness of the “blanket” separating him from three meals a day 
and shelter and dependence goes far in explaining the wary defense 
against anything which means curtailed rates or curtailed employment. 
It explains the lack of reality to the marginal worker of a bonus system 
which provides payment in the future instead of an immediate addition 
to salary; of any participation in management which does not favor- 
ably effect his pocketbook or help to regularize employment. “The 
Boss he wants a muchness of his money ’cause he can wait, but what 
Ah wants — and what Ah gotta have is not a muchness of money but a 
quickness,” justifies much of the worker’s apparently adverse re- 
action to distant dividends as unreasonable and unwise as they may 
appear to the wider-margined observer. 

However, as compelling as is this pressure for the Saturday night’s 
earnings, this constitutes only a prologue to the play of motives in In- 
dustrie life. “If this mere first act were only the whole of the play, 
then the scientist could surely h’op)e some day to discover a satisfactory 
formula for wage revision.” What makes this unlikely is that the pay 
check’s ability to buy material things, particularly when this is beyond 
the margin of the hunger minimum, is over-shadowed by the ability of 
the job and the check to buy an intangible something of equal impor- 
tance and of vastly greater intricacy — ^viz., his standing among his fel- 
S. B. Mathewson, op. cU. 

•oW. Williams, What*s in the Worker*s Mind, New Vork, 1920; FuU Up and Fed Up, 
New York, 1922; Mainsprings of Men, New York, 1915, pp. 313. 

W. Williams, Mainsprings of Men, op. cU., p. IS. 

•a Ibid., p. 27. 



MOTIVES IN INDUSTRY 


581 


low workers. Chief among the sources of motives-in-work is “the sur- 
prising vastness of the gap which everywhere among the workers 
separates the holder of a ‘sweli’ job from the holder of a ‘bum* job, and 
most of aU divides the possessor of any job at all from the luckless 
vagrant who possesses none and knows not where to find one.” •* 

Throxi^out industry there is found a system of caste based on work 
corresponding roughly to the more Jamiliar hierarchy of caste based 
on property. The laborer transferred to the millwright gang, receiving 
only an additional 2 cents per hour, gets an immediate transformation 
in social status reflected not only in the congratulations of his fellow- 
workers but in the acceptance of his wife and family by those who had 
hitherto looked upon them as somewhat lower in the social level.** 

The miner leaving his job at two o’clock in the afternoon to go fish- 
ing is seeking not so much the pleasure of fishing as the recognition 
of his superior laboring status evidenced in his freedom to control the 
hours of his work. In laying off early he tells his companions the same 
story that the manager tells by means of a new automobile, or of a new 
home. Conspicuous leisure becomes the mark of successful attainment 
among his fellow-workers.*® Everywhere among the workers, the nature 
of his job and not solely the earning power demands the social stand- 
ing awarded the worker by his fellow-citizens. The recognition of this 
fact is, according to Williams, essential to a complete undetstanding of 
why man works and the basis of dissatisfaction in work and indus- 
trial unrest. 

Other factors unquestionably play a part. Among these, according 
to Williams, are: 

1. The amazing ignorance, on the part of employer and employee, of 
each other’s deeper purposes and desires.^^ 

This attitude appears clearly in the voluntary limitation of output. 
Such restriction represents in part a fear of lack of work, a protection 
against speeding up and it also represents an essential unfriendliness to 
the employer — ^an attitude not to the work but to the arranger of it. 
This attitude is not instinctive in character but is acquired in the course 
of experience at work and represents one of the most fertile sources of 
industrial unrest. At the same time, because it is acquired and not in- 
stinctive, there is reason for trusting in the possibility of modifying the 
attitude through a re-arrangement of those conditions which pr^uce it. 

2. The unbelievable importance of the worker’s feelings and experi- 

ences rather than his logic or reason as a factor in all his viewpoints 
and attitudes.^'* ' 

This follows, according to Williams, from the superior inertia of the 
intellectual or working pressure as compared with the emotional pres- 

•• Ibid., p. 3. 

**Ihid., pp. S6-S7. 

•' Ibid., p. 293. 

“/bid, p, 3. 

*^/6»d.,p.3. 
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sure. This means that the search for the source of attitude and action 
in industry must be at the level of emotional and not at the level of 
intellectual behavior. This search, as has been suggested by Mayo and 
others, may lead us into the morass of irrationd revery, the almost 
impenetrable maze of personality disorders, great and small, which de- 
velops whan the wells of the emotions are dried or pour forth their 
content in an unending torrent. 

3. The complete impossibility of walling off the factory from the 
home, the worker from the citizen, of dividing the hankerings of a 
man's working hours off from those of his hours of leisure.*^ 

“These dockers,” a British labor leader explained, “simply can’t 
keep going for more than three or four weeks at a time. But this does 
not prove that they dislike to work. These men slow down simply be- 
cause they are the victims of the wear and tear of weeks of ‘overtime’ 
sandwiched in between weeks of depressing waiting and searching for 
a job. I have observed that irregular work always tends to make an 
irregular worker. An irregular worker, in turn, is practically bound to 
make an irregular citizen.” 

Other factors are important, but the prime element is the wish to 
enjoy the feeling of worth — recognition and respect on the part of 
others. This starts, as Burns has pointed out, with the feeling on the 
part of workers not only that they have rights, because labor made 
civilization, but that they also have duties because civilization depends 
for its continuance upon their work. The worker’s point of view implies 
that a railwayman, an engineer, a machinist, an oiler, is bound, just as 
“intellectual” workers, by the honor of a calling. There is pride in it — 
pride in the work one does and in its necessity. To “count,” to be con- 
sidered worthwhile, because of his job, is the initial demand of the in- 
dustrial worker. To understand the strength of this motive, the force 
of its interplay with encouraging approvals and opposing disapprovals 
is, according to WUliams, to know the mainsprings of acting in in- 
dustry. 

Cyclical Variations in Emotions and Attitudes 

The essential unity of the job, the home, and the organic balance of 
the individual in determining attitude toward work is stressed by 
Hersey,’‘ as the result of an intensive study of 12 men for a period of 
a year and of 5 others for periods of several months. Throughout this 
period each worker was carefully studied with respect to ( 1 ) overt be- 
havior, such as efficiency, lateness, co-operativeness, verbal outbursts, 
constructive ideas, absenteeism, etc.; (2) emotional behavior; (3) 

•• Ibid., p. 4 

p. 183. 

'0 C. D. Burns, The PhUosophy of Labor, London, 192S, p. 34 ff. 

R. B. Hersey, “Periodic Emotional Changes in Male Workers,” Pert. J. 1 (1929), 
pp. 459-463. 

R. B. Hersey, “Rate of Production and Emotional States,” Pert. J. 10 (1932), pp. 355-64. 
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dominant traits in thought and revery; and (4) physiological items 
such as blood pressure, colloid content of blood, weight, hours of sleep, 
illness, feeling of fatigue, etc. 

The investigator spent the entire working day in constant contact 
with the subjects as well as a considerable portion of the time after 
working hours. Each worker was fully informed of the purpose of the 
investigation. Changes in emotions were recorded on a numerical scale 
ranging from worry with a value of —6, through sad ( — 4 to — S), 
peevish ( — 1 to — 2), neutral, that is “indifferent’ ' (usually zero), in- 
terested--]6^mg, co-operative— (+3 to +4) to elated with a nu- 
merical vdue of -+-6. 

An analysis of the findings shows a definite periodicity in emotional 
tonus which could not be accounted for by environmental happening, 
climatic changes, or physical conditions, but which definitely affected 
the feeling of effort and performance on the job. The cycle of changes 
from “low” to “low” ranged from 3 to 9 weeks, but in no case did 3ie 
length of the period of a given individual vary by more than a week 
from his own average. The changes occurring in the worker with the 
change from high to low emotional tonus show the typical character- 
istics listed below.^^ 


Production: 


High 

Work comes easily; produc- 
tion is at least average, often 
above; fewer complaints are 
made about the way the 
work is going, though one is 
likely to get less done than 
he could, due to interest be- 
ing attracted by all sorts of 
stimuli in the environment 
and willingness to take work 
and its importance less seri- 
ously; ready to stop and 
tell the other man how to do 
his work. 


Low 

Usually no more than aver- 
age is accomplished unless 
worker is driven; tendency 
towards less; work an ef- 
fort; its difficulties exag- 
gerated. On skilled work, 
however, requiring plan- 
ning, or in executive work, 
sometimes more is accom- 
plished than in manic 
phase, due to saving of 
time and effort by sticking 
to the job on hand. In 
purely repetitive work ne- 
cessity of keeping produc- 
tion up to standard likely 
involves great physicd 
cost. Low phase often af- 
fords starting point for 
creative spark, which later 
manifests itself in manic 
culmination — ^birth of gen- 
ius. 


R, B. Hersey, op. eit., p. 462. 
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High 

Low 

Effort: 

Usually felt to be less than 
production. 

Greater than production. 

Feelings of 
fatigue: 

Usually not many. 

Always more. 

Sleep: 

Less. 

More. 

Blood 

pressure: 

Apt to be higher. 


Weight: 

Often slightly lower, if two 
periods close together. 


Sexual en- 
ergy: 

Apt to be greater. 


Extra-plant 

activities: 

Many. 

Few. 

Psychic atti- 
tude: 

Powerful over the environ- 
ment; tendency toward an- 
ger over rebuffs rather 
Uian pessimism; joking and 
laughing; confident; look- 
ing toward betterment and 
opportunities to enjoy the 
beauties of the world and 
himself; hard to handle; 
best way to stimulate him 
with a problem; praise and 
criticism both have little 
effect. 

The world weighs heavy; 
the worker hates to be 
forced to meet crises; as- 
similates rebuffs and criti- 
cis,m with difficulty; needs 
encouragement and praise 
at lowest period, a whip to 
force him into proper effi- 
ciency after starting up 
the cycle; more ready to 
be suspicious and irritable, 
downcast and worried; 
ready to quit or at least to 
talk about it on slightest 
provocation. 

Mental pic- 
tures: 

Objective, real, day-dreams 
likely to end in action im- 
mediately; how to get ahead 
and better himself often in 
his mind though he may not 
be dissatisfied with particu- 
lar job. 

Subjective, pessimistic, un- 
real, fanciful. 


Although no final explanation of this apparent cyclical variation can 
be given on the basis of these few case studies, the findings, according 
to Hersey, suggest a possible association with variations in the general 
relation between energy spending and energy building mechanisms 
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involving (1) metabolic activity, (2) sex and other ductless ^and 
functioning, and (3) autonomic nervous equilibrium. 


SUMMARY 

The analysis of experimental studies of motives-in-work confirms 
the opinion that the financial incentive represents only a preliminary 
step in tapping the resources of the worker. The findings suggest that 
the level and consistency of production are determined by a wide 
variety of variables which require careful study and control for the 
attainment of maximum yield, satisfaction and fitness on the part of 
the individual worker. Explanation of motives in terms of “instincts,” 
“desires,” “habits,” or other blanket terms represents a naive simpli- 
fication of a complex situation. The ways in which workers are hired, 
trained, paid, promoted, disciplined and dismissed are important de- 
terminers of attitude.''® Curt treatment by superiors, monotonous,^ 
meaningless work, lack of opportunity for self development, excessivq 
fatigue, the unreasonable use of punishment will be deeply felt. Such 
factors mould attitudes, constitute the sources of motives, and produce 
the ineffective, unfit worker and the savage industrial rebel. The exact 
value of each of these and other factors, and the pattern of their inter- 
play, are questions which are far from fully answered, although there 
are encouraging signs in the investigations which have been cited. 

“Whatever the difficulties and whatever the poverty of present 
knowledge, the problems are so central and inescapable and so clearly 
problems of industrial psychology — ^if it chooses to be a social science 
as well as a managerial technique — that it appears well worth our 
while canvassing the possibilities of further promising research in the 
field. Among the few greatest questions of our age is that which asks 
what modern industry means to the individual worker with reference 
to his satisfactions and fullness of life.” The accumulation of evi- 
dence and the formulation of adequate scientific explanations of the 
factors basic to these represent a challenge to industrial psychology. 

J. D. Houser, op. cit., p. 4. 

See G. H. MUes, The WM to Work, London, 1929, pp. 79. 

'* See Chapter XIX, pages 405-06. 

” A. W. Kornhauser, “The Study of Work Feelings,” ?m. J., 8 (1930), p. JSl. 



XXVI. THE MALADJUSTED WORKER 


Adjustment at work represents the major objective in using the pro- 
cedures for selection, training, elimination of fatigue and monotony, 
etc., described in other chapters of this text. In spite of the application 
of these methods individual instances of maladjustment still occur. 
This follows in part from the dynamic or changing quality of human 
personality. The young man who, at the time of employment, is satis- 
fied with a routine clerical task, and who can satisfactorily perform the 
task, becomes increasingly dissatisfied and perhaps grossly malad- 
justed if deprived of an opportunity for promotion to a more respon- 
sible job. G)nditions arising outside of the plant, over which the man- 
agement and supervisory force have no control, seriously afiect both 
the production and the morale of the worker. Resistance to new meth- 
ods of work, “slowing up,” growing irritability, etc., associated with 
increasing age, serve gradually to unfit the older worker for his job. 
In addition, vocational maladjustment is a reflection of emotional mal- 
adjustment, a term used by Fisher and Hanna to describe the wide 
variety of psychotic disturbances of personality which affect individual 
adjustment in every phase of life. The adjustment of the individual re- 
quires an integration of conflicting tendencies to the demands of the ac- 
tivity in which he is engaged.^ Emotional maladjustment follows from a 
conflict in the individual of impulses which are incompatible with one 
another.” It reflects a disturbance in the integration of opposing tenden- 
cies into the unified and purposive pattern of behavior which is the es- 
sential characteristic of the “normal mind” and of the “happily ad- 
justed individual.” * Maladjustment, from this viewpoint, grows out of 
a failure to knit together contending impulses and to contrive an ad- 
justment to the situation which is satisfying to the individual and effec- 
tive in so far as the demands of the situation are concerned. 

EMOTIONAL MALADJUSTMENT AS A FACTOR IN VOCATIONAL MALADJUST- 
MENT 

The adjustment of an individual in the home situation, in the play 
situation, in every other phase of his daily activities requires a con- 
geniality, a compatibility, a harmonious relation between the indi- 

1 V. £, Fisher and J. V. Hanna, The Dissatisfied Worker ^ New York) 1931) pp. 260. 

*W. H. Burnham, The Normal Mind, New York, 1925, p. 27. 

*B. Hart, The Psychology of Insanity, Cambridge (England), 1912, p. 57. 

*W. H. Burnham, op, cU., p. 38. 
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vidual and the situation.” It demands a proper balance in the “total 
situation” constituted by the “self and the stresses occurring between 
it and its environment.” • In work this balance is established when the 
individual is reasonably efficient, when be attains a reasonable degree 
of satisfaction from the work, and when his activities are conducive to 
the welfare of the social group of which he is a member. A failure to 
achieve any one of these three objectives in work constitutes malad- 
justment. This may follow from a lack of aptitude for the work, from 
inadequate training, from a disregard of disturbing working conditions, 
etc. It most frequently follows, where such conditions are adequately 
controlled, from an inadequate emotional adjustment of the individual 
to major aspects of his life — ^to superiors, to inferiors, to family situa- 
tions, to sexual problems, to competitive aspects of daily life, etc. The 
individual whose emotional balance is disturbed for any reason what- 
soever will express this not only in his relations at home, in his social 
group, but also at work. His emotional maladjustment, whatever it re- 
lates to, “breeds within him dissatisfaction and thwarts him in his 
search for happiness and success. Inasmuch as his feelings and emo- 
tions are inherent aspects of himself, be carries them wiffi him, so to 
speak, into every situation which he enters. Now, since he does not 
usually know the reason of his dissatisfaction, does not understand 
the whyfor and nature of his maladjustment, it is not surprising that 
he very frequently attaches or attributes it (his dissatisfaction) to his 
work or his working situation. He then feels dissatisfaction with his 
work and becomes a vocationally maladjusted individual.” ’’ 


THE SYMPTOMS OF EMOTIONAL MALADJUSTMENT AT WORK 

It is impossible within the scope of this text to discuss fully the con- 
cept of normality and the symptoms and causes of emotional malad- 
justment. Such a discussion would necessarily involve a complete re- 
view of the entire field of abnormal psychology.* It would lead into a 
critique of the classic description of the nature and causes of mental 
disorder by Kraepelin and Janet and the more recent psycho-analytic 
doctrines of Freud, Adler, Jung, and others.® For the purpose of this 

®V. E. Fisher and J. V. Hanna, op. cit., p. 21. 

® W, Koehler, Gestalt Psychology, New York, 1929, pp. 329, 

’V. E. Fisher and J. V. Hanna, op. cit, pp. vii-viii. 

•See W. Eliasberg, “Grundriss ciner allegemcincn Arbeitspathologie,” Schrifi. Psych. 
Beruf., Wirt, 28 (1924), pp. 41. 

» Among texts which will be helpful to the reader interested in a discifssion of the con- 
cepts and points of view of abnormal psychology are: — W. H. Burnham, The Normal 
Mind, New York, 1925; B. Hart, The Psychology of Insanity, Cambridge (England), 
1912; G. Murphy (Editor), An Outline of Abnormal Psychology, New York, 1930, (Modem 
Library Edition) ; J. J. B. Morgan, The Psychology of Abnormal People, New York, 1928; 
W. S. Taylor, Readings in Abnormal Psychology, New York, 1926; J. K. Folsom, Social 
Psychology, New York, 1931 ; F. A. Moss and T. Hunt, Foundations of Abnormal Psy~ 
chology. New York, 1932. 

Among the original source material which should be familiar to the student in the field 
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text it seems sufficient to sketch briefly the most characteristic symp- 
toms of emotional maladjustment, and to depend upon the discussion 
of industrial investigations and the case studies cited below for an 
elaboration of detail. 

The overt expressions of emotional maladjustment are multitudinous 
in character. Not infrequently, for example, manifestation takes the 
form of blaming others for one^s failure.^^ In such cases fellow-workers, 
foremen, the management, and even social standards and customs may 
be burdened with the responsibility for the individual’s lack of success. 
Wives do not give encouragement, fellow-workers do not co-operate, 
or superiors fail to recognize the superior qualities of such individuals. 
Compensation for thwarted desires is achieved through a condemnation 
of associates, supervisors, conditions of work or, in extreme instances, 
of some single person, perhaps even as remote as a high government 
official, who has placed himself in the way of the individual’s progress. 

In other instances those whose self-assertion finds no outlet, or 
who are thwarted sexually or socially, manifest a disintegration of im- 
pulses in self-pity, jealousy, lack of co-operation}^ The slave-driving 
tactics of the ‘‘hard-boiled” foreman often represent his compensation 
for impeded self-assertion in pretending to he the opposite of what he 
actually is}^ As some men “sport” the latest car or indulge in outward 
display of affluence in the face of a limited income to impress their 
neighbors, so the supervisor falls back on a loud and dominant tone of 
voice to bolster up his feeling of insecurity — a feeling of inferiority}^ 
There are numerous other manifestations of emotional maladjustment. 
The most common overt expressions of such maladjustment may, ac- 
cording to Fisher and Hanna, be divided into two groups. 

“I. Manifestations of the milder emotional maladjustments 

( 1 ) Petty jealousies 

(2) Mild forms of self-pity 

(3) Lack of cheerful co-operation 

(4) Fault-finding 

(5) Hard-boiled tactics and labor agitation 

(6) Desire for undue attention, feigned bravery, and fool- 
hardiness as a retreat from fears. 

“IT. Manifestations of the more serious emotional maladjustments 

( 1 ) Frequent diange of jobs 

of abnormal psychology may be included: — ^A. Adler, The Newotic Constitution, New 
York, 1917; A. Adler, Problems of Neurosis, New York, 1930; A. A. Brill, Fundamental 
Conceptions of Psycho-analysis, London, 1921; S, Freud, On the Psychopathology of 
Everyday Life, London, 1914; S. Freud, Introductory Lectures on Psychoanalysis, London, 
1922; C. G. Jung, Psychology of the Unconscious, New York, 1917; Abraham Myerson, 
The Psychology of Mental Disorders, New York, 1927; P. Janet, Les medications psyckolo- 
Hiques, Paris, 1919; £. Kretschmer, Physique and Character, New York, 1925. 

V. E. Fisher and J. V. Hanna, op. cit., pp. 111-112 

/Wd., p. 172. 

i*/6<<f., p. 173. 

i» Ibid^ O. U4. 
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(2) Extreme reticence and withdrawal 

(3) Tired feelings 

(4) Spasmodic and irregular application 

(5) Day-dreaming 

(6) Deficiency in range and power of attention, distractibil- 
ity 

(7) Extreme irritability 

(8) Nervous indigestion, nausea 

(9) Abnormal fears, fear neuroses 

(10) Feelings of being spied upon, watched or followed 

(11) Hearing voices 

(12) Miscellaneous symptoms.” 

The sources of these disturbances, according to the same authors, 
may be classified under three general headings. 

“(1) Those resulting from emotional immaturity, emotional infan- 
tilism. 

“(2) Those restdting from the exaggeration or over-expression of 
one or more drive-emotions. 

“(3) Those resulting from decidedly unnatural or abnormal expres- 
sions of drive-emotions, i. e., from substitutive forms of activity which 
are neither satisfying to the individual nor contributory to the welfare 
of the social group.” “ 

The significance of these factors in individual cases will appear in 
the case studies cited below. Before proceeding with these it seems de- 
sirable to refer briefly to the general aspects of a few industrial in- 
vestigations which have demonstrated the significance of emotional 
disturbance as a deep-seated source of maladjustment at work. 

THE INCIDENCE OF EMOTIONAL MALADJUSTMENT AT WORK 

The experience of many investigators in the field of mental hygiene 
has pointed to the importance of emotional maladjustment in inter- 
fering with adaptation at work. Toulouse,*® for example, estimates that 
the annual loss in earnings to French workers suffering from mild 
psychopathic disturbances reaches hundreds of millions of francs. Ac- 
cording to Fisher and Hanna *'* one half of the amount expended an- 
nually because of labor turnover is spent on the replacement of emo- 
tionally maladjusted workers. Assuming the average cost of breaking 
in a new worker to be $45.00,*® turnover cost in this group would 
amount to $4500.00 for a firm employing an average working force of 

“ Ibid., p. 209. 

p. 72. 

E. Toulouse, “Le budget de la psychopatUe dans le travail,” Rev. de la Sd. du Trav., 
I (1929), pp. 41-50. 

IT V. E. Fisher and J. V. Hanna, op at., pp, 233-234. 

T* See Chapter vni, page 116. 
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500 men \vith a labor turnover of 40 per cent. To this must be added 
the higher cost of supervision of the emotionally maladjusted worker 
and of increased absenteeism, reduced output, etc. 

Although there has recently developed a renewed emphasb upon 
psychopathic disturbance as a factor in vocational maladjustment, as 
early as the beginning of the present century Janet, of France, amd 
Wetterkamp, of Germany, drew attention to the incidence of voca- 
tional maladjustment among patients whom they saw at their clinics 
for the mentally disturbed.** The analysis by Adler,*® in 1917, of 100 
cases of unemployed patients, ranging in age from 25 to 55, observed 
in the Boston Psychopathic Hospital, points also to the importance in 
vocational maladjustment of paranoid personalities displaying such 
traits as suspiciousness, contentiousness, inability to survive in competi- 
tion; of inadequaie personalities including feeble-mindedness and dis- 
turbances of the judgment; and of emotional instability, characterized 
by moodiness, outbursts of temper, impulsiveness, etc. According to 
Jarrett ** the effectiveness of approximately half the working force is 
disturbed by either minor or major emotional maladjustment, requiring 
intensive analysis and training. Stevens ** reports that in a group of 
store workers numbering about 4000 the diagnosis of “Functional 
Nervous” disturbances was made 506 times in a 6 month period from 
October to February inclusive. This term is used to designate an 
heterogeneous group of symptoms causing impairment that cannot be 
ascribed to physical defects. In this group are included patients with 
complaints variously classified as “run-down condition,” “nervousness,” 
“nervous exhaustion,” “nervous breakdown,” etc. This is unquestion- 
ably a cover-all for many, as are most of the conditions included in the 
classification of emotional maladjustment by Fisher and Hanna. Dur- 
ing the 6 month period “functional nervous disorder” stands fourth 
in order of frequency among the complaints treated in the store Health 
Department. About 10 per cent of all workers manifested disability 
from such complaints. During the same period 1,546 days of working 
time were lost from this cause by 123 individuals. This comprises about 
9 per cent of the total time lost through illness. 

A recent study by Anderson** has led to the conclusion that ap- 
proximately 20 per cent of the employees of mercantile establishments 
may be called “problem” individuals. Among 1200 employees repre- 
senting a fairly representative group, that is, “run of the mine” em- 
ployees of R. H. Macy and Company, 19 per cent of the sales people 
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and 23 per cent of the non-sales force were found to present conditions 
that caused their department heads to question their value as personnel 
risks in the store. A large proportion of these conditions represented 
personality disturbances, and were not the outgrowth of intellectual 
conditions or of factors on the job itself which might interfere with 
adjustment. Included among workers suffering from personality dis- 
turbances were persons who had never “grown-up”; whose experiences 
instead of maturing and ripening had simply carried the faulty charac- 
teristic of adolescence into adult life, producing the underdeveloped, 
inadequate, difficult, poorly integrated or unstable workers, commonly 
called “job misfits,” or “work failures,” or “mediocrities,” or “ne'er- 
do-wells.” 


TABLE 70 
Personality Types 



LOW COST 

HIGH COST 


per cent 

per cent 

Extrovert 

54 

11 

Ambivert 

36 

49 

Introvert 

10 

40 


— 

— 


100 

(After Anderson) 

100 


As one step in his inquiry Anderson made a clinical study of 284 
sales clerks selected on the basis of “selling cost or production rating.” 
The average “selling cost” for the department as a whole was deter- 
mined. Those in the upper 25 per cent from the viewpoint of sales cost 
were designated as “High-Cost” salespeople and those in the lower 25 
per cent as “Low-Cost” sales clerks. In addition, the investigator 
selected a second group consisting of 100 sales people chosen by gen- 
eral agreement of the fioor superintendent, department manager, and 
training representative, as the “Best” and “Worst” sales clerks in 
t 5 qjical departments of the store. Table 70 shows the diagnosis made by 
the investigator of the personality types of the “High-Cost” and “Low- 
Cost” groups. A marked predominance of introversion is evident in 
the former group. A study was also made of the personality disorders 
of the two groups. The percentage in each group of “maladjusted, 
poorly integrated, unstable personality, handicapped by conflicts and 
complexes, faulty attitudes, irrational thinking, pessimistic reverie. 
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etc.,” *• is shown in Table 71. It can be seen that 6 per cent of the 
hig^-cost-of-Selling cases and that none of the low-cost group suffered 
from serious personality disorders. 


TABLE 71 


VESSONALITY DISORDERS 

LOW COST 

HIGH COST 


GROUP 

GROUP 


per cent 

per cent 

None 

57.7 

50.0 

Mild 

42.3 

44.0 

Serious 

.0 

6.0 


100.0 

100.0 


(After Anderson) 

The incidence of personality disorders among “Best” and “Worst” 
sales clerks is shown in Table 72. Twenty-four per cent of sales clerks 
included in the worst group show serious personality disorders, in con- 
trast to the total absence of such serious disorders among the best sales 

TABLE 7 2 

Showing Personality Disorders Among “Best" and “Worst" 

Sales Clerks 

“best” “worst” 


DISORDERS No. per cent No. per cent 

None 39 78 11 22 

Mild 11 22 27 54 

Serious 0 0 12 24 


50 100 50 100 

(After Anderson) 

clerks. The clinical examination of the “Best” and “Worst” sales clerks 
revealed the clinical symptoms shown in Table 73. Ninety-four per 
cent of the worst sales clerks and only 22 per cent of the best deviate 
from average normal mental health. This, according to Anderson, 
“probably more than any other single factor differentiates the ‘Worst’ 
sales clerks from the ‘Best.’ The adjustment difficulties which the 
‘Worst’ sales clerks so commonly exhibit at their work are but the ex- 
pression of personality, intellectual and general bodily conditions that 

-Ibid., p. 239. 
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render such individuals poor personnel risks, unless adjustment is 
made possible through psychiatric treatment.”®^ There seems to be 
reason for questioning Anderson’s classification as perhaps too much 
influenced by the abnormal orientation which the psychiatrist brings 
into his clinical study. The value of the results is also disturbed by 
the highly subjective character of the criterion in selecting the “Best” 
and “Worst” groups. However, the findings are suggestive in so far as 
the general trend of influence of personality distur&ince upon adjust- 
ment at work is concerned. 


TABLE 73 


PSYCHIATRIC CLASSIFICATION “bEST” “WORST” 

Borderline mental defect 1 1 

Neuro-syphilis 0 1 

Psychopathic personality 0 13 

Psycho-neurosis S 4 

Mild depression 1 0 

Senile deterioration 0 4 

Inadequate personalities with intellectual handicaps 0 14 

Fatigue 1 2 

Unclassified personality disturbances 3 8 

No abnormal findings 39 3 


SO SO 

(After Anderson) 

A STUDY OF telegraphist’s CRAMP 

The significance of emotional disturbances in creating maladjust- 
ment has been strikingly confirmed in a recent study by Smith, Culpin, 
and Farmer.®* This involved an examination of a group of telegraphists 
certified as suffering from an occupational disorder known as “teleg- 
raphist’s cramp,” and of a group who were free from this disorder. 
The investigation included the use of (1) an ergographic test, (2) the 
McDougall-Schuster Dotting Test, (3) the Graphic Pursuit Meter, 
(4) an examination of pressure exerted on the key, (5) a medical ex- 
amination, and (6) a study of the emotional make-up or development 
of the individual by means of general observation of overt behavior and 
of carefully framed questions in the course of an interview. A group of 
learners in telegraphy and of workers in allied occupations were also 
examined as a control upon the major experimental group of 
telegraphists. 

Of the 41 cramp cases examined 31, or 75.6 per cent, showed symp- 

” Ibid., pp. 2S4-2S5. 

M. Smith, M. Culinn and E. Fanner, “A Study of Telegraphists' Cranq),’* Ind. Fat. Res. 
Brd. Rep., No. 43 (1927), pp. 44. 
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toms which would lead (quite apart from the cramp) to the diagnosis 
of minor mental disturbances or mild psycho-neurosis characterized 
by anxiety, obsessions, or hysteria. In 26 cases the symptoms were of a 
serious nature. Of the 46 non-cramp subjects only 15, or 32.5 per cent, 
had psycho^eurotic symptoms in varying degree. The distinction 1^- 
tween the individuals suffering from psycho-neurotic symptoms and 
those free from these s}miptoms is well brought out in a summary, by 
the investigators, of the outstanding characteristics of each type. Not 
all of these traits are necessarily found in any single individual, but 
they are roughly typical of those free and those suffering from psycho- 
neurosis respectively. 

“A. B. finds his work interesting, and looks forward to getting on 
at it — goes in for sports or hobbies — is sociable, enjoys being with his 
fellows — if shy at first with strangers becomes less so with experience 
— respects authority but is not overwhelmed by it — can be observed 
without undue emotion, has no particular fear of the dark, noises, etc. 
— doesn’t worry about his work when it is finished — sleeps well— can 
go at an easy pace in telegraphy — can hold his own opinions with and 
against his fellows — can realize himself in relation to others reason- 
ably. An approximation to this we should call normal, particularly if 
combined with a healthy physique and cheerful expression. 

Y. Z. thinks the work interesting, but is doubtful whether he « 
making progress — is never sure of himself — worries when he has done 
a thing as to whether it is right — is conscious of being watched in 
trains, buses or restaurants — goes back to make sure he has done what 
he thinks he has — likes to check his work many times — dislikes all 
games and social activities — doesn’t feel at ease with people — irritated 
and frightened by authorities — speculates on the possibility of the floor 
giving way or the building falling down — upset by noises — always 
wants to rush at dots. Such a type we should class as psycho-neurotic 
and under the conditions of telegraphic work we should anticipate the 
development of cramp. An ultimate breakdown will be modified by 
the natural vitality of the person, but given two people of the same 
vitality and conditions of work A. B. will carry on efficiently where 
Y. Z. will break down.” 

Other differences were found between the cramp group and the non- 
cramp group. The first group is Weaker from the point of view of effi- 
ciency on the tests and generally exercises heavier and more irregular 
pressure on the sending apparatus. However, these test differences do 
not clearly distinguish between the two groups, by reason of the great 
amount of over-lapping. There is a very definite trend with respect to 
the greater incidence of psycho-neurosis in the group suffering from 

In other occupations where there is no specifically recognized occupational disease., 
people of this type would tend to have a ^'nervous breakdown” or if physically very strong 
to have abnormal work curves or be ^difficult.** 

Smith, M. Culpin and E. Farmer, op, cU., p. 20. 
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telegraphists’ cramp. The commonest picture of a cramp subject is the 
presence of severe psycho-neurotic symptoms allied to muscular weak- 
ness. 

Of 100 young learners who were interviewed, 54 showed no predis- 
position to psycho-neurotic breakdown; 27 could be descried as 
slightly unstable; 19 showed definite psycho-neurotic tendencies and 
of these 6 reflected them in such an acute form as to permit classifica- 
tion in one of the recognized groups of psycho-neurosis. These findings 
suggest the possibility of differentiating at the age of 16 those who, by 
reason of psycho-neurotic tendencies, will most likely develop a mal- 
adjustment in this occupation in the form of telegraphists’ cramp. It is 
interesting to note that the objective tests alone will not distinguish 
these groups. 

Among clerical workers the proportion of subjects with symptoms 
indicating liability to psycho-neurotic breakdown was found to be 
approximately 20 per cent. There is evidence that such subjects tend 
to suffer “nervous breakdowns,” but such maladjustment as occurs 
from this in work does not take on so highly a specific form as “cramp” 
in the case of the telegraphists. In the latter “cramp appears to bear 
the same relation to other symptoms in the same patient as do such 
recognized psycho-neurotic manifestations as stammers, tremors, and 
functional paralyses. It occurs in conjunction with anxiety and obses- 
sional states; it occurs in a form obviously hysterical; and it occurs as 
an isolated symptom in perfectly healthy subjects who present no other 
abnormal manifestations. In a large proportion of cases it would ap- 
pear that treatment should be directed to the general condition, of 
which cramp is only the most conspicuous system. It is probable that 
attention given to ^e emotional state of the patient when cramp first 
appears might in some cases suggest a means of preventing the develop- 
ment of the trouble.” 


THE CLIKICAL STUDY OF MALADJUSTED WORKERS 

The control of maladjustment at work, whatever its source, involves 
a thorough study of every employee who has become a “problem” or 
who shows signs of disturbed adjustment by reduced efficiency; in 
growing irritability and laxness in work; by a multiplication of com- 
plaints, or exaggerated concern about himself or his work; etc. Such a 
study involves a complete review of every factor which may influence 
the worker’s adjustment.*® It entails essentially an application to voca- 
tional maladjustment of the clinical method of individual study, de- 
veloped by Witmer,** which has been used so successfully in the treat- 
ment of maladjustment in the school, in the home, and which has been 

•» Ibid., p. 36. 

•» M. S. Vitdes, “Clinical Methods in Industry, " Ind. Psych., 3 (1928), pp. 753-38. 

ML. Witmer, “Clinical Psychology,” Psych. Clin.. 1 (1907), pp. 1-7. 
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specifically applied in the transportation industry in the rehabilitation 
of accident-prone drivers.®^ 

The application of the clinical method involves a detailed study of 
every element in the situation which may influence individual adjust- 
ment. It requires a complete examination of every aspect of individual 
ability, temperament, interests, etc., that may promote or interfere 
with fitness at work. It involves a health examination, an investigation 
of social background and an analysis of the behavior of the individual 
at work and away from work. It leads into a careful study of the job 
environment into which the individual is placed, and of the processes 
of production, supervision, etc., with which he is faced.®''* However, 
the point of emphasis in such clinical study is the individual — an indi- 
vidual looked upon as an integrated organization of behavior patterns 
— as a “whole*^ personality against a background of objective condi- 
tions to which he is called upon to adapt himself.®® 

The clinical method discards the “atomistic’’ viewpoint of an earlier 
psychology and emphasizes the dynamic concept that “just as a 
watch or a machine is not merely so much iron, copper, and the other 
elements that chemical analysis would show, nor even so many wheels, 
rods, plates, and other parts; so a man is neither a mere aggregation 
of chemical elements, nor is his mind a mere accumulation of desires, 
habits, and other components,’^ that “the whole is something quite dis- 
tinct from its parts, and to understand the whole one must not merely 
know what each part is and what it is doing, but must know the rela- 
tionship between them and even more what the whole is doing.” 
The emphasis, in this approach is upon the “total situation” — upon 
the balance which exists between the highly complex interrelated 
variables which influence individual adjustment.®® 

A few case studies may be used to illustrate the procedures of 
clinical study and the results accomplished through their application. 

AN EXAMPLE OF THE CLINICAL STUDY AND TREATMENT OF EMOTIONAL 

MALADJUSTMENT 

A case cited by Anderson will serve to show the effect of personal- 
ity disturbance upon work and to indicate the methods employed in 
discovering the source of such disturbance and in its treatment. 

“Case No. 3. Female. Age 48. Sales clerk. 

Problem: Acting peculiarly on the floor, and complaining bitterly to her 
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Buyer of the persecutions of her associates, she was referred to the Ccvnfer- 
ence Office for psychiatric study. 

Study: In the Conference Office this woman showed an acute anxiety state; 
was in great distress with marked depr^sion. She says, “I have not been able to 
sleep or eat for five whole days.” (Cries and wrings her hands.) saw a tall 

detective lean over and whisper to a girl at the counter, and he said, 

‘You watch that woman, she is a thief, and is stealing from the store.* Then 
there are two elderly women who have put the girls up to watching me, and 

the girls pass up and down the aisle sa 3 dng, ‘Keep your hands off the , 

etc.* They whisper to each other about me and wink in a knowing way as if to 
imply they are on to me. They are all talking about me.** 

A careful investigation was made, and it was disclosed that the employee 
had seemed ill for several days, but that for weeks she had been very “nervous,** 
stayed by herself, was over-sensitive and “imagined** things. There was no 
basis for suspecting her honesty; nothing was missing from her department and 
she was considered one of the most valuable sales clerks in the store, and re- 
garded by all as thoroughly reliable. 

Her aged mother had been seriously ill for several months, and at this time 
was near death. This employee was up with her a great deal at night and as 
a result had lost much sleep. She also had to do the housework and the cooking, 
which, with the arduous duties of the day as a sales clerk, had brought on acute 
fatigue. Such a condition, in a distinctly psychopathic personality, who for 
years had exhibited an unstable nervous system, on to which was engrafted 
an anxiety as to the possible death of her mother, and the possible loss of her 
job inasmuch as she was falling down in her work, finally resulted in a full- 
blown mental disturbance. 

In our examination we found her suffering from well-marked delusions of 
persecution, retardation of thought processes, with a depressed emotional s^ate 
and slowing up of bodily movements. 

She was placed at once under psychiatric care, reassured regarding her job 
and her department worries. A social service worker and nurse were sent to her 
home, and for a few days she was kept in bed and carefully nursed. In time she 
began to recover, returned to the store, was placed back in her old department 
under the best possible controlled conditions, in the hands of a Buyer who 
was not only sympathetic but intelligently understanding. In the end she re- 
covered and is still with the store as a valuable employee. 

Follow-up: Ten months later her buyer reports, “She is doing very well, 
and no longer seems worried or fearful.** One year and a half later, her Buyer 
reports, “She is good and in her present capacity, I couldn*t do without her. 

There is no problem or complaint.** Her section manager says, “Miss is 

satisfactory, and a very efficient sales clerk.** 

The basic factor in this case is constitutional in character. It is the 
make-up of the individual, a psychopathic personality/ yfhicYi disin- 
tegrates under the stress of the environment. The case also furnishes 
an interesting example of the possibility of re-adjustment right within 
the department by which the worker is employed. Such a procedure 
makes unnecessary the unproductive trial-and-error transfer to which 


« Ibid., pp. 210-211. 
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personnel divisions often resort in an attempt to re-adjust the worker. 
A careful clinical study discloses the underlying cause of this difficulty 
and makes possible treatment which will ht the cause. 

OTHER FACTORS IN VOCATIONAL MALADJUSTMENT 

Although emotional maladjustment is a basic factor in vocational 
maladjustment there are many instances in which performance at work 
and satisfaction derived from the job are disturbed by factors which 
are more or less external to the individual. The effect of such factors 
is illustrated in a case study made by the author as a part of a 
program for the clinical examination and adjustment of taxicab driv- 
ers ** employed by the Yellow Cab Company of Philadelphia. In the 
organization in which this study was made, as in the case of almost 
every other similar organization, wages are paid in the form of a com- 
mission upon gross earnings. In the present instance, at the time of 
the study, drivers received 33^ per cent of their collections, supple- 
mented, of course, by tips which are equal, on the average, to one-half 
of the commissions collected by the drivers. 

The analysis of the earnings of drivers hired in the year of 1924 
and in the employ of the company in 1927, when this study was made, 
showed an average difference in earnings of .$600.00 per year between 
the 25 per cent “Best” earners and the 25 per cent “Poorest” earners.'"'' 
There was a maximum difference of over $1000.00 a year. A' prelim- 
inary intensive analysis of the mental, physical, social, and economic 
factors affecting earnings showed that such items as age, marital condi- 
tions, number of jobs held during the years prior to employment by 
the company, and physical condition affected adjustment, and that 
data on these factors obtained on the application blank could be used 
in the elimination of a proportion of poor earners prior to employ- 
ment.'*'* But, and this is possibly the most important contribution of 
the study, there were shown to be significant differences in the caus- 
ation of maladjustment in individual cases. Poor health made it 
impossible for one man to work as steadily as required for good earn- 
ings. In other instances the fact that the driver was a single man, with- 
out family responsibilities, and free from a social incentive for in- 
creasing earnings, held a more prominent position. In still other cases 
there were indications that psychopathic disturbance of personality was 
responsible for maladjustment. The multiplicity of causes in the case 
of all the “Poor” earners, and the frequent dominance of a single cause 


** A brief discussion of the methods employed in this study is to be found in an article 
entitled *'The Clinical Method in Industry,” by M. S. Viteles, published in Ind, Psych., 1 
(1926), pp. 753-S8. 

See Chapter VI, pajjes 58-60. 

See Chapter X, pages 182-^3. 
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in the case of the individual driver, suggested the possibility of re- 
adjusting “Poor” earners in the employ of the company on the basis 
of a clinical study of each individual case. 

This study was made by the author as consulting psychologist for the 
organization. It included a review of all the factors of individual 
make-up, of job environment and methods of work, of home and other 
social conditions constituting the “total situation.” The procedures 
employed included a thorough physical examination by the company 
physician; the application of standard tests of intelligence, tempera- 
ment and business knowledge; visits to the home by the social worker; 
an analysis of the very complete personnel records maintained by the 
organization; and a series of interviews with the individual driver. The 
findings from the application of these procedures were summarized by 
the psychologist and presented to a Weak-Sister Committee which, 
on the basis of the findings, outlined a program to be followed in the 
rehabilitation of the driver. This committee included the company 
physician, the social worker, the superintendent of the garage at which 
the driver was employed, a street supervisor, and the assistant general- 
manager of the company, sitting under the chairmanship of the consult- 
ing psychologist. The case study cited below is presented as typical of 
the reports considered by this committee and of the action taken. It 
also illustrates the influence of a non-constitutional factor— -in this case 
the loss of the wife — upon the adjustment of the worker. 

Case of Driver A. B., Seniority Number 00000. 

Problem: The driver was reported by the garage superintendent by reason 
of (a) a slump in earnings, (b) an apparent failure to “stick to the job,” as 
shown by low daily mileage records and increased absences, and (c) a change 
in attitude expressed in “unwillingness to co-operate” with the superintendent, 
and a “low state of mind.” 

Appearance and General Factors: A. B. is a native born Philadelphian, 
34 years of age. S' 7^" in height, weighing 185 pounds. At the time of the 
interview A. B. had been in the service of the company approximately 4 years. 
He is a widower, having lost his wife about 3 months before the date of the 
interview. Education includes 1 year in a senior high school. His application 
score at the time of employment would have been 362, or considerably above 
the passing score.‘® 

Health: Poor health not a factor in the maladjustment of this driver. In his 
4 years of service he has made only two visits to the Medical Department and 
has been O.K.’ed off on only two occasions. His physical efficiency is rated “A” 
by the Medical Department. The Dental Department reports a rating of “A” 
on mouth condition. There have been no payments from the health insurance 
fund to the driver during the period of employment. 

“ The “Weak-Sister Committee” was so named because drivers whose gross income and 
net earnings were inadequate were commonly known among the drivers as “Weak-Sisters.” 
Technically a “Poor” earner or "Weak-Sister” was defined as a driver falling into the lowest 
20 per cent of the entire driving force from the viewpoint of earnings. 

Chapter X, pages 182-83. 
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Work Record: 

(1) Prior to Employment by Yellow Cab Company. 

This is A. ;B/s first term of employment with the Yellow Cab Company* 
From 1910 until 1914 he ran a poultry farm in the southern part of New Jersey. 
Between 1914 and 1917 he worked as a machinist for the Remington-Arms 
Company, and from 1917 until 1921, first as a truck driver and then a 
machinist at Hog Island (shipyard). From 1921 to 1923 he was employed as 
a taxicab driver by the Quaker City Cab Company, and since 1923 he has 
been in the employ of the Yellow Cab Company of Philadelphia. 

(2) Service with Yellow Cab Company. 

A. B. is working on the 9 to 7 Day Shift with Friday as his *‘day off.” 

In his 4 years of service A. £. has had 3 charged and 16 suspended accidents. 
Twenty-two speeding charges appear against his record. At the present time 
he has 160 merits to his credit, having been demerited 3 times for A.W.OL.; 
twice for lateness, and 15 times for speeding and reckless driving. 

During the last 12 months A. £. has drawn $1009.50 in commissions, an 
average daily wage of $3.59 for the number of days worked. These earnings are 
below average, but not sufficiently low to place A. B. in the category of out- 
standingly poor earners. As a matter of fact, he appears on the weak -sister 
list, on the average, only 6 times per year of employment. The driver claims 
that tips have been averaging about $10.00 a week. The average number of 
days per week worked for the year is 5.4. This means his absences average 
approximately \ day a week. This is not excessive in comparison with the 
general working force. 

During the interview A. B. claimed that about 50 per cent of his jobs were 
“wire” jobs, that is, obtained by calling the Traffic Department from one of 
the many stands maintained by the company. This statement, however, is not 
borne out by an analysis of his daily sheets, which show that 39 per cent of his 
jobs were “wire” jobs.*^ A further analysis of the sheets revealed that the 
majority of “pick-up” jobs were from stands and not obtained while “cruising.” 

A study of the daily mileage shows an average of 48.4 miles per day, which 
is very low. This is a definite indication that the driver is not spending a suffi- 
cient portion of his time “cruising” or driving on the streets. A. B. not only 
fails to cruise sufficiently, but he seems to have trouble getting started. In some 
cases it took him from one hour to two hours after starting work in the morn- 
ing to get his first job. Another important feature is that only 44 per cent of his 
total mileage is “live,” whereas 56 per cent of the total mileage is “dead” 
mileage.*® 

A further analysis of the sheets shows that the driver seems to concentrate 
his efforts on a few stands located in approximately the same section of the city. 

The analysis of the operating records showed that there has been a distinct 
drop in earnings in recent months. On the last 10 sheets, for example, the 
gross daily income averaged $8.40 and the average daily commission $2.80, 
which is 70 cents less per day than the average for the entire year. 

Social and Economic Factors: The most important item which appeared in 

In the taxicab business, in general, a good earner obtains his work not by depending on 
the Traffic Department, but by cruising around the streets, planning his day so as to be 
during each part of the day in that section of the city in which most business is to be ob- 
tained. 

The ground covered by the cab when carrying a passenger is known as “live” mileage; 
other mileage is “dead” mUcage. 
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the analysis of social and economic factors was the loss of the wife. For a short 
time prior to her death the driver had been separated from his wife. Since her 
death the driver’s two children had been living in an orphan asylum, the 
driver paying for thdr maintenance at the rate of $5.00 per week. In general, 
the driver appears to maintain himself and his family at the marginal level. 
At the time of the interview he had no saving account or reserve of any kind 
on which to fall back in case of an emergency. 

Test Data: On the general intelligence test A. B. obtained a score which is 
slightly below the average of the poorest earners. His score of 110 on a test of 
business knowledge is approximately average for the group. The latter 
test suggests that his chief weakness is lack of a knowledge where to look for 
work at different times of the day. 

The answers given by the driver on the Woodworth Personal Data Sheet 
give no indications of emotional disturbmice. The score on the Colgate Personal 
Inventory C-2 suggests that personality tends in the direction of introversion, 
but the percentile rank does not definitely place the driver in the introverted 
group. Perhaps the most significant comments made in these tests by the driver 
are that he “is not very argumentative, that he seldom makes friends and 
keeps all his troubles and worries to himself.” 

Interview Data: The most significant findings appeared in the course of 
the interview. The results of the interview agree with the results of the person- 
ality tests in showing an absence of personality disturbance. Mediocre ability 
combined with a generally “weak” or non-aggressive personality may account 
for the fact that A. B. is consistently somewhat below average in earnings. At 
the same time he has always maintained satisfactory adjustment to fellow- 
drivers, to supervisors, and with respect to attitude on the job. In addition, 
earnings, although low, have been high enough to keep A. B. out of trouble. 

During an early interview the driver maintained that the recent slump in 
earninp resulted from the absence of business on the street. He repeatedly 
stated that he “was out to make as much money as he could” and that he con- 
sistently “goes after business when business is to be found.” His attitude was 
that of blaming his drop in earnings on the generally less satisfactory business 
conditions which exist in the industry during the Summer months. 

In later interviews the essential facts came out. In the first place, it appears 
that the wife’s death had not been natural, but the result of suicide. There was 
a slight tendency of the driver, in his day-dreaming, to accept the blame for this 
suicide. This tendency was not expressive of a psycho-neurosis, but reflected 
the doubts of a normal individual whose marital life had not been particularly 
happy. This is unquestionably a factor in the driver’s maladjustment. In addi- 
tion, the driver has been paying a visit every day to the orphan asylum in which 
his children had been placed. Inasmuch as the institution could not be visited 
during evening hours, A. B. has been contriving to be in the neighborhood of 
the orphanage sometime during the day. This appears to account in a large 
part for the low operating mileage record. In most instances the visit had been 
made during the early part of the morning. This explains the almost consistent 
failure to obtain riders during the first few hours of work, to which reference has 
been made above. The increase in number of absences during recent months is 
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explained by the fact that the driver has taken off a number of Saturdays in 
order to sp>en<i them with his children. 

Action of the Weak-Sister Committee: This case study was reviewed by the 
Weak-Sister Committee. The discussion brought out the fact that the garage 
superintendent was generally aware of the change in home conditions but h^ 
not obtained all of the facts which had been elicited in the course of the inter- 
view. It further developed that the driver had asked for a change to the 11:00 
to 9:00 Day Shift, but had been refused permission to change because his 
seniority did not entitle him to this more desirable shift. Upon reviewing the 
case the Weak-Sister Committee recommended that the driver*s request for 
a change in shift be allowed, so as to give him an opportunity to visit his chil- 
dren during the first part of the morning, in the belief that having made this 
visit A. B. would start work promptly and regularly at 11:00. The superin- 
tendent was also advised to maintain contact with the driver as a means of 
promoting a stabilization of favorable attitude toward himself and toward his 
work. 

Follow-up: A follow-up at the end of 30 days and 60 days respectively 
showed that the change in shift had been made, and that there had been a 
marked improvement in the driver^s attitude. In addition, the level of earnings 
had been restored to that maintained prior to the clinical analysis of the factors 
underlying disturbed adjustment. 

“old age” as a factor in maladjustment 

Among the many causes of maladjustment “old age” is a specific 
factor which is attaining increasing importance in accounting for malad- 
justment at work. This follows in large part because of the difficulty 
experienced by the worker beyond middle age in adjusting himself to 
the increased psychological demands imposed by the rapid rate of 
change of working conditions in industry. The findings of recent 
studies of learning by adults, to which only bare reference can be made 
here,®^ have shown that such difficulty as the older worker may have 
in learning new methods of work follows not primarily from a decline 
in learning ability, but from an atrophy of acquired learning habits as 
a result of disuse.®^ As Thorndike has pointed out, if the adult 
worker fails to learn, inability due to age will very rarely, if ever, be the 
reason. “The reason will commonly be one or more of these: He lacks 
and always has lacked the capacity to learn that particular thing. His 
desire to learn is not strong enough to cause him to give proper atten- 
tion to it. The ways and means he adopts are inadequate, and would 
have been so at any age, to teach him that thing. He has habits or ideas 
or other tendencies which interfere with the new acquisition, and which 
he is unable or unwilling to alter 
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In case of workers an important factor in promoting maladjustmoit 
is the failure to keep pace with changing methods of work. This fol- 
lows, in part, from the amount of unlearning required for new learning 
after old and inconsistent habits have become well set. Old viewpoints 
and old methods of working become firmly established and set up re- 
sistance against their replacement by improved methods of work. This 
results, in part, from stagnation and, in part, from the failure of man- 
agement to keep before the old workers the importance of continued 
change, of continued learning as a necessary factor of adjustment to 
work in modern industry.'*'’ Stagnation and resistance to new methods 
of learning and a natural decline in ability through disuse affect not 
only manual employees but clerical and managerial workers.*** The 
evidence of it in the case of the last group is to be found in the diffi- 
culty of even young executives to adapt themselves to re-organizations 
that follow a change in management in an industrial organization. 

In addition to the growing disuse of learning ability, the approach 
of old age is characterized by changes in personality make-up. As 
Martin and deGruchy have pointed out, workers approaching middle 
and old age tend to become talkative and garrulous, critical of co- 
workers and employees. They set themselves up as paragons of virtue 
and condemn in no uncertain terms the failings of younger members 
of the organization with whom they come into contact. "Summarizing 
the characteristics of the old, one may say that their physical and 
mental reactions are slowed down, that they are inflexible, slow to 
catch new ideas, that their prevailing emotions are disagreeable, that 
they are dependent and tend to look backwards, that their imaginatidns 
use only past experiences for present-day needs, that they incline to 
slovenliness and laxness in daily living and that they are forgetful and 
even untruthful in dealing with the past.” Although there is no ex- 

®®The significance of these facts with respect to the development of training programs 
for adult workers thrown out of employment by technological changes in industry has been 
pointed out by Thorndike. ‘The facts of adult learning may also encourage industry to face 
changes in machinery, processes, and the like with the hope of reducing disturbances by 
education of the workers. The writer, at least, is sure that the band weavers who were thrown 
out of work by the invention of the power loom could in most cases have been taught not 
only to use the power looms, but also to make them and repair them, or to be useful in 
whatever factory work or trades were short of employees at the time. A steady, industrious, 
reliable worker has qualities of body and mind and morals which are too important to be 
wasted because some industrial change has destroyed the value of the special work which 
he has hitherto performed. Public or private provision for his education for some suitable 
work seems highly desirable, and likely to cost less and succeed better than has been sup- 
posed. His fear of faflure and of being an object of unpleasant attention or ridicule, accen- 
tuated by the depressed condition which the loss of his habitual living /and life tend to 
produce, should be allayed or allowed for so far as possible. General awareness and accept- 
ance of the truth about adult ability to learn, and a wider prevalence of adult education 
will help in this. If his new education is as one of a group in similar circumstances and is 
provided without the imputation of inferiority to him it will be more acceptable and more 

successful. (E. L. Thorndike, op. cU., p, 180 .) 

so IT n ..A ..u » o 
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perimental evidence on the nature of these changes, there is reason to 
believe that these too are not the result of the mere passage of years, 
but reflect the influence of extraneous factors affecting the motivation 
and attitudes of older people. 

With approaching “old age” there also appears an actual physical 
slowing-up that may interfere with the productive efficiency of the 
older workers where speed is a factor in the situation. Industrial ex- 
perience and everyday observation of older adults favor the impres- 
sion that old age is accompanied by a slowing-up of the voluntary 
muscular processes. Recent experiments by Miles,®® involving tests 
of manual motility and reaction speed applied to 863 subjects, 6 to 95 
years of age, with approximately the same number in each decade, show 
a small decrement in these functions with increasing age. However, 
none of them is large enough to show that age alone dictates the score 
variance, which appears to depend as much or more upon the sum total 
of other factors as it does on chronological age.®® In interpreting his 
findings Miles suggests the theory that the slower and more difficult 
action in the old is brought about by neural conservation mechanisms 
that are built up or become more potent with increasing life-time. “A 
particular decrement according to this theory would not be chiefly 
chargeable to a defect in the mechanism but to a positive check on it — 
a neural governor device protective of the mechanism. The weight of 
years may be in large part neural inhibition — interference to action. 
This is perhaps the core, or the basic behavior -element, in the caution 
and proverbial good judgment of the old. Surely the self-depreciation 
and inferiority attitudes exhibited by the majority of older people in 
reference to action are scarcely warranted from pur data. Decrement 
appears more in feeling than it exists in fact.” ®^ 

The Clinical Study of “Older” Workers 

The evidence from these diverse studies of old age indicates, as 
Smith has pointed out, that the problem of middle-aged and older 
people to meet the demands of modern industry is not primarily due 
to the effect of advancing years. “Practical experience confirms the re- 
sults of the psychological laboratory that the principle effect of the 
passing years is that they provide an inescapable exposure to the in- 
fluences of what a man does and experiences as the years pass. The 
power of men to continue to acquire and to develop habits gives to 
increasing years the opportunity to offset any slight decline in faculties 
or change in temperament which might occur, by increasing skill, in- 
formation, seasoned judgment, and personality qualities adapted to the 
requirement of his circumstances. But the same power also gives to the 

** W. R. MOes, Change of Dexterity with Age, Proc. Soc. Exp. Biol, and Med., 29, 1931, 
pp. 136-138. W. R. Miles, Measures of Certasn Human AbiUlies Throughout the Life Span, 
Proc. Nat. Acad. Sci., 17, 1931, pp. 627^3. 

•o/ftid., p. 632. 

« Ibid., p. 633. 
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passing 3 rears the opportunity for learning powers to fall into disuse 
and atrophy, for undesirable habits of thought, action, and personality 
to form, harden, and to escape from conscious control or even con- 
scious recognition/’ The nature of the middle-aged or older man 
is thus essentially dependent upon what he does with the years. 

The re-adjustment of the individual “old” worker, as in the case of 
other workers in industry, involves, as a basis for re-adjustment, a 
clinical study of each as a means of determining the factors which 
have restricted development or produced unfavorable behavior pat- 
terns. Pioneering work in this field has been done by Lillien J. Martin, 
who personally, as well as in her scientific studies, exemplifies the pos- 
sibility of continued accomplishment with increasing age. A hitherto 
unpublished case study from the files of Dr. Martin may serve to illus- 
trate the procedures and possibilities in the re-adjustment of the older 
worker.®® 


DEPARTMENT STORE A.2. 

File No. 1201 


January 19, 1931. 

CASE OF MR. E R 

Department Cotton and Silk Yardage 

Age 61 years 

Time Employed 38 years in this store 

Physical Ex Good plus. 

Personnel Dept. Report . . . Decreasing output, fewer customers, drop of 31 

per cent during last 5 years. Highest salary in 
sales force because of long service. Highest sell- 
ing cost in the store. 


Psychological Examination Results: Extremely slow reactions both mentally 
and physically. Attention turned in, observation good for detail and in special 
fields. Memory good, stocked with past material, no new content. Psychically 
soft with marked avoidance of everything that causes physical or mental 
effort. Ethical values narrow and antiquated. Imagination fair but stocked 
with old store of memories. Humor singularly lacking. Suggestibility nil. Lit- 
eral interpretation of life. 

Daily Program: Mr. R . ... is a bachelor who lives alone in a three 

room apartment. Up at 7:30 a. m. Prepares his breakfast and does some house- 
work. Street car ride of 3 minutes to the store. At noon takes his lunch alone 
at a nearby cafeteria, about 2 minutes walk from the store. Although he has 
a light meal the full hour is consumed by the time he gets back to work. 
Leaves store at 5:45 p. m. Shops for his dinner and rides home. Prepares din- 
ner, more housework. Spends an hour after dinner listening to the radio while 
he reads the paper, comic strip and crc^sword puzzle is preferred. Sometimes 
this time is spent playing solitaire, listening to the radio. Bed at 9:30 p. M. 

®2 E. D. Smith, op, cit., p. 10. 

Published through the courtesy of Dr. Lillien J. Martin. 
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There is no deviation EVER from this program. On Sundays he spends 
the forenoon in thoroughly cleaning his apartment. Then prepares his dinner 
and in the afternoon goes to the movies or a base ball game, according to the 
weather. 

He has no outside interest of any kind. His only worry is his store record 
which he realizes is getting poorer and poorer. This he attributes to the low 
cost of ready-to-wear clothing, and the indolence of the modern mother who 
does not trouble to sew for her family. “The times have changed” he repeats 
with a sigh, and of course, he implies for the worse. He is good at rationaliz- 
ing as far as his imagination permits ... but is not very convincing as when 
he states that he does not take more physical exercise because he fears he 
might, “at his age,” raise his blood pressure, but as his mental life is as torpid 
as his physical, one suspects that any effort is distasteful to him. He does not 
think that he is particularly slow in response but has the greatest satisfaction 
in the “exemplary life” he has mapped out for himself. His virtues are his 
undoing. He is handling his store work as he does his housework, with meticu- 
lous care and vast attention to detail. He is constantly folding and smoothing 
out the bolts of goods. “I get irritated,” he says, “when I see such a waste to 
the store in mussed goods.” (Typical rationalizing.) Watching him at work 
one sees that one of his fundamental difficulties is a false sense of values. The 
goods being kept in order is more important to him than getting it sold. The 
potential customer is allowed to wait, sometimes beyond her endurance, and 
turns away, one suspects, to return no more. 

Psychotherapy Advised, 

1. Discussed in detail the slowing down, both mental and physical^ that has 
been allowed to take place, chiefly due to his living alone. That he has no 
gauge, by so living, by which to measure his tempo since no comparison is 
made with other individuals. Showed him where social contacts are especially 
good for holding up his speed and recommended that he transfer the member- 
ship he had as a young man in the East in a fraternal organization, to the West, 
to attend all the evening meetings and to take an ACTIVE not a passive part. 

2. Discussed why the customer comes first in department store work. Saw 
that his view of the job is very narrow and limited to a little special knowl- 
edge, so: 

3. Pointed out that the kind of virtue that means stagnation is not given 
first place in our estimation, but to try and replace it by a goal of self- 
development and increased knowledge and life experience for his personal 
happiness and efficiency. 

4. Gave time exercises. Each moiping he is to time himself in replacing yard 
goods on the shelves, unfolding goods, etc., and to time himself and increase 
his speed until he has brought himself up to normal. Early morning is best 
for this exercise and he is to practise this for 10 or 15 minutes. He will prob- 
ably hesitate to begin this exercise as he feels our idea of his slowness is a 
personal one, which indicates how little he is aware of his deterioration in ac- 
tivity that has been allowed gradually to take place. 

5. Every day he is to read and discuss with his fellow-workers matters 
pertaining to department store selling. 

6. Never again is he to lunch alone but each day he is to seek out other 
employees or arrange to lunch with new acquaintances for the sake of talking 
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over current affairs. This is to help him reanimate his mind and force him 
to a more sustained attention. 

7. To look on all new acquaintances as potential customers of the store, 
thus building up a clientele. This is to be regarded as a part of his responsi- 
bility to his job. 

8. The whole matter of amusement as recreation, stimulation and personal 
development was discussed. 

9. A daily program chart was given for him to fill in for 2 weeks when he 
returns to the clinic. 

Second Visit. 

Good response, more intelligent grasp of suggestions than we had expected. 
He has joined a local lodge of Masons and attends 1 evening each week. Has 
made application for membership to a boating club and will, if accepted, join 
March 1st and go boating on Sundays. Is reading 1 Trade Journal and Time 
and using his reading for lunch hour discussion. 

Repeated the points of the first interview and suggested that he find some 
woman who is alone with whom he can become friendly. He need not report 
again unless he so desires. 


July 1, 1931. 

Sales Report. 

February 10% increase in number of customers over February, 1930 

March 22% “ “ ‘‘ (3 special sales days) 

April 14% “ “ « 

May 19% “ “ “ 

June 21% “ “ “ 

This brings him up to average for the number of customers for this depart- 
ment and drops his selling cost to normal. 

Mr. R reported to talk over progress outside of the store which has 


been very satisfactory. Only trifling worry over loss of 4 pounds in weight but 
as he could lose 12 pounds more with good effect, he was easily brought to see 
the absurdity of this. Has a woman friend who invites him to supper once a 
week and he follows this by taking her to a movie. Seems well pleased that this 
friend does not want a supper after the show and has figured that he is the 
gainer in money by this arrangement. 

CASE CLOSED 

AGENCIES FOR THE RE-ADJUSTMENT OF WORKERS 

The Psychological vs. the Psychiatric Method in Industry 

Among the problems to be considered in connection with the voca- 
tional re-adjustment of workers is that of the agency to be employed 
in analyzing the causes of maladjustment and in treatment. Southard 
has recommended the use of a “mental hygiene working party” com- 
posed of a psychiatrist, a psychologist, and a psychiatric social worker. 
This is essentially the organization that has been employed in recently 

£. Southard, “The Modem Specialist in Unrest,” J. of Ind. Hyg., 2 (1920), pp. 

11-19. 
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organized chSd guidance climes. It is represented in the set-up of the 
^^cohference office” in the R. H. Macy & Company organization. In 
this instance the conference office is a division of the personnel de- 
partment which includes also the training department, the employment 
office and a Social service department.^^ In such a set-up the psychia- 
trist is genei^ally looked upon as the executive who administers the 
adjustment program. 

In other organizations a staff consisting of a clinical psychologist and 
necessary assistants qualified in the field of mental testing and in the 
investigation methods of the social service worker, has been employed to 
make the necessary case studies and to direct the adjustment program. 
Regardless of whether the director of this program is a psychologist or 
psychiatrist, he must be thoroughly grounded in the principles and tech- 
niques of general and applied psychology, and have a thorough knowl- 
edge of the theoretical and practical aspects and procedures of abnormal 
psychology.®® In the opinion of the author there are a number of strik- 
ing differences in orientation between a clinical psychologist and a 
psychiatrist which favor the employment of the former to direct this 
activity of the personnel organization. Chief among these is the psychol- 
ogist's orientation toward the normal as contrasted with the psychia- 
trist's orientation toward the abnormal.^^ At its very beginning, psy- 
chology set about to discover the laws that underlie the behavior of the 
average or normal human being.®® So concerned were psychologists with 
the average or normal that, in early experiments by Wundt and others, 
results with subjects who showed extreme variation from the average 
were discarded as being of no value in formulating the general principles 
of human behavior. In the study of individual differences, the problem 
was oriented as one of differences within the range of normality. That 
the feeble-minded, for example, were not altogether neglected is well at- 
tested by the early work of Goddard ®® and Binet and others, but indi- 
viduals of this type were not and never have been the primary subjects 
of observation by the psychologist. The first important work on individ- 
ual differences in this country, that of Cattell, had as its subjects a group 
of college students whose normality was beyond doubt. The work started 
by Witmer at the University of Pennsylvania in clinical psychology was 
directed toward aiding the adjustment of individuals well within the 
range of normality. 

Much as he has tried, the psychiatrist seems never quite to get away 
from his experience with groups of seriously disordered individuals 
whom, in the early history of psychiatry, he was called upon to treat 
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and who even to-day, in the case of many psychiatrists, constitute the 
bulk of his practice. It is true that a number of psycWtrists appre* 
date this situation and have taken steps to remedy the difficulty^ 
Recognition of the problem is implied in the description of the ment^ 
hygiene movement by its leaders as concerned ‘‘with not only the ab- 
normal, but with the normal.’’ In actual practice, however, there still 
persists an abnormal orientation, reflected, for example, in Jarrett’s 
program which assumes nearly half the working force to be suffering 
from emotional maladjustment and as in need of special mental hygiene 
treatment. This limits entirely too much the concept of normality. It 
throws a pall of abnormality over the activities of half the working 
force and by implication over half of the general population. This is 
widely removed from the psychologist’s concept of the average human 
being as a normal being. It puts the burden of proving themselves 
normal upon half of the population instead of assuming that he who 
conforms in his activities to the standards of the majority of the group 
is normal, whereas only those who vary extremely from the largest pro- 
portion of the workers and of the general population can be described 
as being in need of special consideration because of a mild or major 
mental disturbance. 

That “the study of mental and psychological abnormalities has given 
the psychiatrist a deeper comprehension of processes which take place 
in every individual — even in those regarded as unmistakably normal,” 
as contended by Mayo,'*^^ seems questionable when examined from the 
point of view of everyday practice in psychiatry. The prevalent atti- 
tude of psychiatry and of the psychiatrist is perhaps better stated in 
the words of Stevens, who writes: “If something is wrong with the 
mind in industry, to whom should industry turn for help if not to the 
psychiatrist, with his trouble-finding outfit of ‘complexes,’ ‘obsessions,’ 
and ‘delusions’?” Stevens has here chosen a happy phrase. It is in 
trouble-finding, whether it be in industry or elsewhere, that the psychia- 
trist seems most competent. It may even be said that he is inclined to 
look at human conduct through misshapen lenses, which distort the 
picture, bringing out the defects at the expense of the beauties — one 
might almost say the perfections — of human character. If the lenses, 
directed upon an individual, show nothing more serious, they reveal in 
him at least a perverted tendency to fall in love with his mother or to 
subordinate himself to his brother. Everj^hing else that may be seen 
in the picture of the mental life of the individual seems blotted out 
by the i>sychiatrist’s absorption in the abnormalities of conduct that 
he has observed in the psychopaths to whom his interest has until re- 
cently been largely confined. 
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On the other hand, the psychologist comes to industry with a 
common-sense orientation toward the normal, and as an observer 
trained in the interpretation of certain jacts which are basic in any 
jud^ent that he may express. He comes prepared not to see pri- 
marily the abnormalities of human conduct, the Freudian obsessions, 
the irrational reveries, and so forth, but to study under controlled 
conditions normal human behavior and such deviations as may exist 
in well authenticated samplings, and as a result of such study, to arrive 
at principles of human conduct that will be applicable in the manage- 
ment of industry and in promoting the welfare of the human element 
in it. 

Other important differences between the psychiatrist and psycho- 
logist could be mentioned. Among these is the inherent objectivity of 
the psychological approach as contrasted with the inherent subjectivity 
of the psychiatric orientation. The inherent objectivity of the psy- 
chological approach in the measurement of character, as distinguished 
from the inherently subjective approach of the psychiatrist, is well 
illustrated in the attitudes of the two groups toward the analysis of 
the so-called “personality” traits. Industriousness, ambition, applica- 
tion, and many other traits of the same kind must be analyzed in a 
complete evaluation of human personalities. It is true that there is 
yet no completely satisfactory method by which “the psychologist 
or any one else has been able to measure these traits.” Because 
they cannot now be measured is no reason for assuming, as is so con- 
sistently assumed in the psychiatric literature, that they can never be 
measured. In so far as these qualities may be even more essential for 
industrial life in many cases than are the qualities of competency, to 
the very same extent it becomes necessary that objective methods for 
their measurement be devised. The psychologist’s continued absorption 
in the preparation of objective tests for ^e measurement of these 
traits is another expression of the faith that he places in objective in- 
struments and of his hope for a continually decreasing dependence 
upon subjective judgment, such as at present must be used in ob- 
serving the temperamental traits. From the point of view of reliability 
and validity, tests of “personality” today are comparable to our gen- 
eral intelligence tests of two decades ago. However, if progress in the 
development of these proceeds as in the case of ^neral intelligence 
tests, the time may be not far distant when subjective methods for the 
analysis of “personality” will be relegated to the same position of un- 
importance Aat subjective methods of judging intelligence and other 
abilities occupy now.^® 

Regardless of whether the problem of re-adjusting workers is assigned 
to the clinical psychologist or to the psychiatrist, it is important that 

L. Ray, “The Psychological Versus the Psychiatric Method in Industry,” Mental 
Byg., il (1927), pp. 140-47. 

See P. M. Symonds, op. cit. 



THE MALADJUSTED WORKER 611 

supervisors, foremen, and other junior executives be impressed with 
the significance of individual case studies and be asked to co-operate 
in the study of individual workers and their re-adjustment. Perhaps 
one of the chief values of the operation of the Weak-Sister Committee 
described above, was in developing in the members of this committee 
of the operating force an appreciation of the importance of an indi- 
vidualistic approach in handling workers. Foremen, supervisors, super- 
intendents and other minor executives cannot be expected to become 
experts in the classification and treatment of emotional traits, but they 
can learn to detect some of the symptoms. They can learn that it is 
possible to correct many of the milder disturbances of personality and 
to prevent the occurrence of major disturbances. They can become im- 
pressed with the fact that factors outside of the plant may disturb Ae 
adjustment of the worker in the plant and that these as well as working 
conditions, methods of work, require very careful consideration in 
re-adjusting the individual worker. They learn, as Smith has pointed 
out, that the individual represents a complex and vigorous interplay of 
contending forces, and that “workers very rarely fail because they 
intend to. They fail because they fail to do what they intend to.” 
Above all, minor executives can be taught that their co-operation is 
required for carrying into effect the program for individual re- 
adjustment outlined by the expert in the field of clinical psychology. 

E. D. Smith, “The Minor Executive and Mental Hygiene," in Preventive Management 
(Edited by H. L. Elkind, New York, 1931, pp. 214-217). 



XXVH. PROBLEMS OF SUPERVISION 
AND MANAGEMENT 


*E hams to do his watchin’ 

Without it showin’ plain; 

*E hams to save a dummy 
And shove him straight again; 

'E hams to check a ranker 
That’s buyin’ have to shirk, 

An’ ’e learns to make men like him 
So they’U learn to like their work. 

Rudyasd Kipling 

“For in this age of verbally managed enterprises there are not only 
two sorts of technics — these, by the way, diverging more and more 
definitely as the centuries go on — but also two kinds of men, differen- 
tiated by the fact of their talent lying in one or in the other direction. 
As in every process there is a technique of direction and a technique 
of execution, so, equally self-evidently, there are men whose nature 
is to command and men whose nature is to obey, subjects and objects 
of the political or economic process in question. This is the basic form 
of the human life that since the change has assumed so many and vari- 
ous shapes, and it is only to be eliminated along with life itself. 

“Admittedly this is artificial, contrary to Nature — but that is just 
what Culture is. Fate may ordain, and at times does ordain, that man 
should imagine himself able to abolish it — artificially — but never- 
theless it is unshakably a fact. Governing, deciding, guiding, com- 
manding is an art, a difficult technique, and like any other it presup- 
poses an innate talent. Only children imagine that a king goes to bed 
with his crown, and only sub-men of the monster-city, Marxists and 
literacy people, imagine the same^sort of thing about business kings. 
Undertaking is work, and it is o^y as the result of that work that 
the manual labour became possible.” 

Oswald Spengler, “Man and Technics” ^ 

“The central fact that we have to Remember about the industrial 
system is the psychological fact that tforkers are human beings with 
wills of their own, and that, now they have become possessed through 
their organizations of great power in society, it is useless to say that 
this power ought not to exist. We must recognize their power and en- 

^ From Oswald Spengler, Mw and Technics, New York, 1932, pp. 62-64. 
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deavor, by giving it full scope within an ordered social scheme, to 
harness it to the work of serving the best interests of society.” 

G. D. H. Cole 

The consideration of human adjustment in industry is marked by a 
consistently recurring n^te emphasizing the significance of the quality 
of supervision, management and administration, in^the industrial or- 
ganization.^ The antagonisms of capital and labor; the acrimonious 
character of labor disputes; “slacking” or “soldiering” on the job, 
and other expressions of conflict between workers and management 
represent oftimes not the faults of common “human nature” but the 
reflection of unintelligent leadership in industry. The executive di- 
rects and moulds his working force, and the long and powerful in- 
fluence of his example and his policies determine in large measure the 
direction in which Uie “human nature” of his employees will find out- 
let.* “With the same group of workers, with the same pay, and with 
the same equipment, under a certain management, the workers will 
give their best in energy and intelligence; whereas, under another 
management, these workers will give as little as they can get by with, 
and some men may go farther and interfere where they can. A com- 
pany pays the same for labor whether it is managed well or wheUier 
it is not, but what it gets from its labor depends not only upon the 
methods and equipment that the management provides, but upon 
whether the employees work with a will. This in turn depends largely 
upon the skill of the junior executives in dealing with human nature.” * 


THE QUALITY OF LEADERSHIP IN THE INDUSTRIAL ORGANIZATION 

There is a general belief that the significance of the quality of lead- 
ership in the industrial organization has been neglected. This is par- 
ticularly true in the case of first line supervision — that is the super- 
vision nearest to the worker. As Mayo * has pointed out, the authority 

3 Supervision refers to the direct, immediate guidance and control of subordinates in the 
performance of their tasks. The distinction between management and administration has 
perhaps ^en most clearly stated by Sheldon who defines the former as “the function in 
industry concerned in the execution of policy, within the limits set up by administration, 
and the employment of the organization for the particular objects set before it. — ^Adminis- 
tration is the function in industry concerned in the determination of the corporate policy, 
the co-ordination of finance, production and distribution, the settlement of the compass 
of the organization, and the ultimate control of the executive. — ^Administration determines 
the organization; management uses it. Administration defines the goal; management strives 
towards it.” (O. Sheldon, The Philosophy of Management, London, 1923.) In practice the 
last two functions are often neither clearly differentiated nor defined: The same neglect 
of exact terminology also appears in the literature on this topic, where the term “manage- 
ment” is generally used to include the functions of management and administration. This 
term will be so used in the discussion of problems of supervision and management in the 
present diapter. 

• E. D. Smith, Psychology for Executives, New York, 1928, pp. 14-lS. 

* E. D. Smith, “The Minor Executive and Mental Hygiene,” in Preventive Management, 
(Edited by H. B. Elkind), New York, 1931, pp. 22Q-221. 

*£. Mayo, “Changing Methods in Industry,” Pers, 8 (1930), p. 331. 
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placed Id the bands of the junior executive has iisually been taken to 
mean that he is expected to give orders and to have them obeyed. 
Supervision has frequently been made synon 3 rmous with “ordering 
people about” The foreman, the supervisor, the junior executive at 
all levels, and even the chief executive, have been brought up with the 
doctrine that the exercise of discipline and the display of dogmatic 
authority constitute the outward and necessary signs of control. In 
the initiation of progressive personnel policies there has been a neglect 
of the limitations placed upon the execution of these policies by in- 
competent, untrained supervisors or by junior executives steep>ed in 
the traditions of old-line management. The weakness of this situation 
has been gr^hically described by Smith. “If,” he says, “a man has a 
beautiful watch that happens to lose time, he does not take it to just 
any third-rate watchmaker and let him tinker with it. If a man has a 
Rolls Royce car, he does not leave it at any wayside garage to have 
its machinery repaired, or let any Tom, Dick, or Harry drive it. The 
finer the machine, the more skillful the man must be to repair it or 
to run it. It is the same situation with a factory as with a watch or a 
car. There is no machine more intricate, more delicate, and requiring 
more skillful operation, than a progressive managerial or labor policy. 
It is a high-sp)eed, dangerous machine. It is better to have a simple 
and less progressive policy than such a policy badly directed.” ® 

Attempts have been made to investigate the motives, policies, and 
practices of industrial executives and supervisors as a step in the 
formulation of a sound psychology of supervision and management. 
Among these is an investigation by Houser '' who presented the fol- 
lowing questions to chief and minor executives in many different 
industries throughout the United States: 

“1. What, in general, is your opinion of the problem of industrial 
relations? 

2. What personnel work is done in your organization? Are its results 
satisfactory to you and to your employees? 

3. What announcements have you made regarding your attitude as 
an executive toward your employees? 

4. What are the policies in your organization regarding the treat- 
ment of workers by subordinate executives? Do these policies provide 
for the treatment of employees individually or as a group? 

5. What methods are followed for procuring information about the 
observance of these policies? 

6. By what methods are subordinate executives informed or in- 
structed about the treatment of workers? Is instruction necessary? 

7. How do you learn the attitude of your workers? Is it necessary 
or valuable to know this attitude? 

8. What do you, as an executive, want your workers to feel about 

• E. D. Smith, “The Minor Executive and Mental Hygiene,” op. eit., pp. 198-199. 

r J. D. Houser, What the Employer Thinks, Cambridge, 1927, pp. 226. 
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yow attitude, and the attitude 0 / management toward them? 

9. What motives form the bases of your attitudes and practices? 

10. What obligations do you, as an executive, feel toward your 
workers? 

11. /; welfare work done in your organization? What motives prompt 
the work? Would it be carried on whether the workers showed appre- 
ciation of it or not?” ® 

The analysis of replies to these questions reveals a wide range of 
executive attitudes, philosophies, and characteristics. The most jm-‘ 
portant of these may be briefly summarized as follows: — 

1. Suspicion and Fear, probably growing out of an appreciation of 
the latent power of the large groups of men under their direction. 

2. Self-Satisfaction Throu^ Power — a love for power underlying 
autocratic attitudes throughout industry and representing one of the 
greatest forces producing individual and group frictions. It is apparent, 
according to the investigator, that leaders in many industries are often 
more eager to assert themselves in a manner personally satisfying than 
to achieve large returns for the organization or the maximum satis- 
faction of men under their direction. 

3. Self-Expression — a trait often appearing in the form of a dis- 
regard for the expressive tendencies (of others) which might come 
into conflict with the desires and impulses of the executive. 

4. In the silence of chief executives regarding their attitudes and 
intentions to their organization the author finds another outstanding 
characteristic of executive practice. The disinclination to pronounce 
policies, to set up standard practices, to formulate ideals of procedure, 
leaves to the intuition and inclination of sub-executives and individual 
workers policies and matters of direction which logically belong in the 
hands of the chief executive or of those to whom it has been know- 
ingly and intentionally delegated by him. 

5. Disregard of social responsibilities appears as another common 
characteristic of both major and minor executives. According to Houser 
a sense of social responsibility is “rarely found among executives gov- 
erning small or medium-sized organizations. Marked evidence of such 
consciousness is appearing more and more, however, among the ad- 
ministrators of the large industries. But even the expressions of these 
executives usually reveal only hazy conceptions and vague emotional 
attitudes. Seldom does one discover a vital sense of obligation coupled 
with a real understanding of motives and methods which will make 
such an attitude truly effective.” * 

6. Limited imagination or vision represents another attitude fre- 
quently interfering with the executive’s appreciation of the human 
problem in industrial management. Coupled with this is an over- 
emphasis on finaticid incentives reflected in the naive assumption of 

* J. D. Houser, op. at., p. 13. 

• Ibid., p. 107. 
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out. It embodies none of the advantages of the direct acceptance of 
responsibility by the individual and the group which is necessary for 
the complete exploitation of the intellectual and emotional resources of 
“human nature” in maintaining industrial efficiency and individual 
adjustment. 

Obedience to external circmnstances having as its source of au- 
thority the man or the group, constitutes morale. This represents in in- 
dustry a newer concept of supervision where “the group comes as 
rapidly as it will to a condition of awareness of itself as a working 
entity and imposes by itself on itself those standards of individual and 
group behavior which it finds necessary to impose in the interests of 
group effectiveness in carrying on its work.” The chief advantage 
of morale is that it produces a steadier, more persistent and, in general, 
less ffuctuating type of behavior than discipline. Whereas discipline 
may break down as the result of a frequent imposition of a penalty, 
when punishment is relaxed, when the reward loses its attractiveness, 
or when a particular leader is no longer present in the plant, morale 
continues on. It loses none of its effectiveness because it depends not 
on external sources of command, but upon springs of action within 
the individual, growing partly out of his membership in the group, 
which remain active so long as conditions remain fairly constant and 
the unity of the group is maintained. 

The substitution of morale for discipline involves a process of re- 
education for both workers and executives. Only slowly can the notion 
of orderly conduct, growing out of the requirements of the work 
situation, take the place of dependence upon commands.’^ Self- 
responsibility cannot be suddenly vested in the group, but must be “a 
slow growth, built up only as executives and workers go through the 
actual experience of vesting explicitly and acknowledgedly in the hands 
of the group one responsibility after another and then helping it to 
fulfill Aat responsibility by advice and suggestion.” The develop- 
ment of morale requires a complete change in the view points of both 
major and minor executives who must learn to conduct themselves not 
as “bosses” but as leaders. It is the product not of any particular man 
or badge,®^ or plan, but of a direction of individual feeling and intellect 
toward a common objective that serves the purposes of the entire or- 
ganization of which the group ahd the leader represent a part. Such 
a change can only be brought about on the basis of an analysis of the 
factors which influence the behavior of the “group,” and through 
the integration of conflicts arising out of the existence of the group in 
industry. 

1*0. Tead, op. eit., p. 272. 

w/6»rf.. p. 272. 

*oibid., p. 274. 

*1 F. C. Bartlett, op. dt., p. 165. 
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THE PSOBtEM OF THE GROUP** 

The group represents a common factor in the industrial situation. 
Problems of supervision and management grow out of the fact that 
industry the individual is always acting under group conditions. It is 
true that the individual, characterized by a sp)ecific pattern of ability, 
temperament, individual wants and desires, represents the human ma- 
terial of industry. Nowhere is his individualism completely submerg^, 
but at no time at work is the individual freed from the powerful in- 
fluence of the group.** The significance of these influences must not 
be overlooked in the attempt to formulate a scientific basis for super- 
vision and management in industry. There seems no question that if an 
impulse or desire aroused in the individual is shared by his associates, 
that impulse becomes greatly reinforced. Even though this impulse 
may be opposed to the individual’s own standard of conduct the in- 
fluence of the group, the desire for the respect and approbation of his 
fellow-workers, may be sufficient to overcome the customary inhibitions 
against the response. Moreover, “when a common desire is intense and 
emotions are strongly aroused, the group of individuals who share the 
desire tends to become a mob or crowd in which individuality is sub- 
merged in the obsession of the common urge.” ** 

In industry there are many common points of view and desires, re- 
ferring to such factors as working conditions, treatment by the manage- 
ment, methods of pa3mient, etc., that are exposed to frequent stimula- 
tion.*® So similar are these interests that the denial of the rights of one 
member of the group may be taken as a denial of the rights of the entire 
group and lead to serious conflict in the industrial organiation. Con- 
versely, the satisfaction of the demands of a single individual or the 
adoption of what the group feels to be a desirable attitude affects the 
entire group and becomes a source of continued harmony. In other 
words, crowd spirit may become a force not only for conflict, but for 
loyalty and for industrial solidarity and effectiveness if harnessed to 
objectives which truly serve the purposes of the group and of the in- 
dustrial organization.** “The power of crowd desire, like the power 
of individual desire, thus is a power that may be good or evil. The 
blind power of aroused crowd desire is so great and so blind, its sym- 
bolized conviction is so incontestable, and its indifference to conse- 

22 A very readable discussion of the effect of the group in industry is to be found in 
E D Smith’s ** Psychology for Executives" Chapter 6. For an early approach in the inter- 
pretation of groVcondirt, the reader is referred to G. LeBon, “Psycko^gyof the Mob,” 
London, 1908, pp. 239. For a more recent point of view he is referred to F. A. Allport, 
“Social Psychology,” Boston, 1924, pp. 4S3, and for a less technical discussion, to E. D. 
Martin, “The Behavior of Crowds," New York, 1920, pp. 312. 

** E. D. Smith, Psychology for Executives, pp. 162-163. 

•*Ibid., p. 164. 

M/6td., p. 16S. 

MJbid^ p. 174. 
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queaces other than the achievement of its own ends is so complete, 
that it is dangerous in any situation where there is any need for 
criticism or determination of goals. As most problems of industrial 
relations are problems of determining goals, their successful solution 
is greatly aid^ by the avoidance of crowd emotionalism. Valuable as 
is ^e ability of an executive to arouse and direct crowd feeling toward 
the good of the whole, it is certainly as valuable to be able to keep the 
relations of his employees to him and to the company free from de- 
structive crowd spirit.” 

One of the outstanding characteristics of group activity is the height- 
ened suggestibility of individual members of the group. According to 
LeBon,^^ an individual involved for some length of time in crowd 
action soon finds himself in a state closely resembling that of the 
hypnotized individual. As the latter, under the influence of suggestion 
he will undertake to accomplish certain acts with irresistible impetuos- 
ity. The influence of the suggestion is the more irresistible because 
being the same for all individuals in the crowd, it gains strength by 
reciprocity. The individuals, in the crowd strong enough to resist such 
suggestion are too few to struggle against the current. Its effect was 
frequently observed, for example, during the War, when if in the 
course of a retreat a single soldier threw himself on the side of the 
road and gave way to an attack of “nerves,” in an hour or so 100 
men would be found in the same plight.®* Its force is particularly apt 
to be felt under the influence of fatigue, under conditions of strained 
attention, heightened emotion, limitation of free bodily movements, 
etc.,®* but increased suggestibility is at all times present as a powerful 
factor in giving direction to the activities of an individual in a group. 

The tendency to designate facts by symbols represents another factor 
in group activity.*^ So, for example, “fourteen points” becomes a sym- 
bol for the identical attitudes and activities of the group engaged in 
the common behavior of fighting the Germans. The silk hat and the 
swallow-tail coat serve as symbols of a capitalistic economy and as 
such find no place in the communistic regime of Soviet Russia. The 
college trained man is made to represent to a group of workers a symbol 
of the denial of their chance to break through into supervisory jobs, and 
the employment of such men may become the focal point for serious 
conflict between the worker and management. The number of such 
symbols is legion, and their effect cannot be over-estimated in consider- 
ing the sources of industrial conflict, and procedures for the formation 
of morale. 

The crowd’s thinking tends to construct an imaginary world of 
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thought forms and to take refuge in its ideal system. Attention ik 
focussed upon the abstract and upon the gener^. There is no place for 
logical thinking in the solution of its problems. “Catch phrases” and 
“magic formulae” are substituted for scientific information. The truths 
of the crowd are “given,” — made in advance, axiomatic, requiring no 
proof and not open to question in the minds of the crowd. Systems 
of general ideas are imposed upon the minds of the individuals con- 
stituting the crowd from without, and universal acceptance is de- 
manded. Thought becomes stereotyped — conforming to a system de- 
signed to cater to the desires and self-feeUng of the crowd.*^ 

The tendency for the whole mass of feelings and ideas to work itself 
into a “circular system of thought” is characteristic of crowd activity. 
Repetition and rehearsal by members of the group gradually work 
glittering generalities and emotional outbursts into a creed. “The fixa- 
tion of crowd attention by common consent, almost by common com- 
pulsion, and the use of stock phrases with their halo of antiquity, bring 
about a sense of incontestable conviction. — With this incontestability 
of the crowd creed goes a sense of self-righteousness and exaltation. 
Because his suppressed wishes assume a validity they do not have when 
he is alone, an individual always feels temporarily magnified when in 
an active crowd. What is desired has changed into what is right. And 
from this union of desire and right grows not merely exaltation, but also 
great determination and perseverance. The individuals compete with 
each other in serving the crowd end. They endure hardship, suffering, 
and danger with joyousness. They are indifferent to any consequences, 
except to those relating to the polarizing purpose of the group. Thus 
people perform acts of heroic devotion in time of war that they would 
do at no other time. Nor do they stop at the customary moral scruples 
any more than at danger to themselves. Crowds . containing other- 
wise respectable people have gloried in the righteousness of burning at 
the stake negroes who have never been proved guilty of any crime. An 
actively aroused crowd of this sort — and we have abundant examples 
of such on both sides in industrial as in political warfare — is blind, 
fearless, and unscrupulous in its devotion to its incontestable right.” 

The extreme intensities of crowd spirit are, of course, only attained 
by mobs, and, occasionally, by workers on strike. However, the same 
influences are present in mflder form in groups of workers at all times, 
and contribute in arousing conflicts which must be resolved as a step 
in substituting control from within for discipline from without in the 
development of new forms of supervision and management in industry. 

THE INTEGRATION OF CONFLICT 

Industry offers many opportunities for conflict between groups of 
workers with similar desires and the policies and practices of manage- 

** E. D. Martin, op. cit., pp. 137-142, 

E. D. Smith, op. cit,, pp. 166-168. 
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ment. Conflict, as Follett has pointed out, is not necessarily undesir* 
able. It is not always open warfare, but an expression of differences — 
differences of opinions, interests, desires, etc. — an interaction of de- 
sires.®* In the form of rivalry among industrial organizations conflict 
has unquestionably contributed to the improvement of management and 
of operating techniques and to the general development of American 
industry. As competition among individual employees, and as the clash 
of opinion in committee meetings and executive conferences, it has 
done much to prevent stagnation and to bring about improvements in 
methods of work. Disagreement between labor unions and employers 
has been a potent force in bringing about better conditions of work and 
in raising the general standard of living in the American population.®® 
Conflict becomes a pernicious influence only when it becomes an end 
in itself; when it is used to secure the domination of one group with- 
out respect to the justice of the situation. The desirability of conflict 
depends too upon the way in which it is resolved — whether it is ended 
by a solution that is mutually satisfactory and that really strikes at the 
root of the difficulty, or whether it leads to a compromise that merely 
sets the stage for the recurrence of the same conflict, at the same level, 
with the same objectives, with perhaps only a change in the name or 
symbol of the conflict. 

The chief danger of group conflict, as of individual conflict, lies in 
the unhealthy attitude and behavior tendencies which become associated 
with the conflicting impulses. It has been pointed out that in the in- 
dividual the conflict of submerged desires and impulses often leads to 
a disturbance of personality.®® The fault finding, the petty jealousies, 
and suspicion of the worker follows from a lack of harmony among 
contending impulses and motives. The effect of conflict of this type is 
to be found not only in the case of workers, but is reflected in the “dom- 
inating” attitudes of supervisory and executive personnel. It is par- 
ticularly apt to develop when opposing tendencies are submerged, re- 
pressed, or blocked in their expression. The same principles are active 
in the case of group conflicts. The submersion or the failure to establish 
a harmonious balance between the desires of workers at points where 
they conflict with those of management produces a distortion of at- 
titude and of behavior tendencies. “The primitive reaction flowing from 
such a group conflict . . . ranges' from a mild emotional fixation to an 
intense passionate fury that leads to physical violence and indifference 
to punishment. It may be acute as in a strike or chronic as in a 
smoldering dispute. The conflict may be open as in a strike, but more 
often is submerged, manifesting itself primarily in a quiet but thorough- 
going effort on the part of the employees to give as little as possible 
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and on the part of the management to squeeze as much out of the 
workers as possible. . . . Even when the primitive attitude which de- 
structive conflict between the employees and the company engenders 
does not result in sabotage, or conscious soldiering, the wastes are large 
Even at low ebb, such a conflict is a complete obstacle to securing volun- 
tary effort. ... All effort which is sought from labor must, under such 
conditions, be compelled by fear of discharge or by hope of award, and 
the cost of compulsion of unwilling workers is high. When antagonisms 
between the employees and the company are aroused, just as when 
wishes rebel within the individual mind, much energy is consumed in 
the mere neutralization of opposing forces. The company pays as part 
of the price of such a conflict, however, not merely the cost of com- 
pulsion, but the loss of all results that cannot be compelled.” 

Conflict is most destructive when contestants seek to dominate one 
another as the only available means of securing the satisfaction of their 
desires. Domination is a victory of one side over the other. At the 
moment of conflict, this generally appears to be the easiest way of deal- 
ing with it and, for this reason, domination is the method most fre- 
quently adopted for its solution.*® The urge toward domination may 
be brought about by a variety of circumstances. The refusal to recog- 
nize or to deal with an employee or a union may produce a situation in 
which an attempt to establish the supremacy of the union may appear 
to employees as the only method of expressing their desires. Gruff, 
arbitrary orders may lead to an inversion of feeling that may ultimately 
find expression in the attempt of the employee to show his control of 
the situation by means of a strike or other concerted action with his 
group. Unsatisfactorily worded and public reprimands play a part in 
the quest for dominance. Fear of losing the job because of an un- 
reasonable attitude on the part of minor executives is a fertile source 
in workers of the urge to dominate. Unfair regulations of all kinds, 
supplemented by an arbitrary use of discipline, often block outlets 
to impulses and arouses conflict of a pernicious type. Such situations 
are generally intensified by the crowd spirit. In all of these are found 
the sources of the struggle for a victory as empty of meaning and value, 
in industrial conflict, as the victory of the “war to end war” in the 
political arena. 

Compromise represents a second method of dealing with conflict. In 
this type of settlement each side gives up a little — makes concessions — 
in order that the activity which has been interrupted may go on. Com- 
promise is the basis of trade union tactics and, in most ins^tances, under- 
lies solutions reached by arbitration. The danger of compromise, as 
Follett ** has pointed out, is that it will arise again in another form. 
Compromise involves a sacrifice of desires. There is no real satisfac- 

rt E. D. Smith, op. eit., pp. 178-179. 

»« M. P. Follett, op. cU., p. US. 

»• Ibid., pp. US ff. 
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tion for botii parties to the controversy, as the result of the formula- 
tion of a solution adequate for the total situation, but merely, in 
essence, a pbstponement of the struggle until one or the other side con- 
siders itself , strong enou^ to renew it. 

The only completely satisfactory method of dealing with industrial 
(and other) conflicts, according to Follett,^° is that of integration. The 
procedure is essentially the same as that used in the re-adjustment of 
the individual. It involves an analysis of the “whole situation” and an 
attempt to balance the conflicting impulses so as to produce a new 
“whole” or pattern which will adequately meet its needs. In accomplish- 
ing this, the situation cannot be surveyed separately from the view 
point of management, and then again as a distinct problem from the 
view pomt of the workers. The attempt must be made to view the needs 
and desires of workers and management in relation to one another, 
and to arrive at a solution which will permit an adequate satisfaction 
of the desires of the two groups in a way that will be beneficial to the 
organization as a whole. It requires a wide range of “simultaneous 
attention” to the whole situation as a means of observing the relation- 
ships within it; of contriving a solution in the light of this total situa- 
tion which knits contending desires and of establishing this solution as 
a reality.*^ 

The underlying approach in this viewpoint is that of the “gestalt 
school” in psychology, broadened to apply to social entities or con- 
figurations. The emphasis is upon the “integrative unity” of the in- 
dustrial organization. It is based upon the belief that the “parts of a 
business should so move together in their reciprocally adjusting activi- 
ties that they make a working unit, not a congeries of separate 
pieces.” Unity is created by the functional relations of the parts, by 
the “reciprocal activity” of the parts and not merely by a summation 
of the elements or parts of the whole. The character of the whole is 
also affected by the interrelations of the whole and the parts. Out of 
this interaction and unification emerge new patterns — new integrations, 
which are the earmarks of progress — a “self creating” development of 
the organization. So, for example, the production, sales, financial, and 
personnel policies of an organization influence one another. At the same 
time, the general policy created by the interweaving or interaction of 
all of these policies, even while it is in the making, influences and 
changes each of them. In other words, individual departmental policies 
are influenced by the general company policy which they help to 
create.** And out of the interaction there gradually develop new poll* 
*oibid. 

E. D. Smithy op. cU,, p. 208. 

** W, Koehler, op. cit. 

M. P. Follett, “Psychology of Control," in Psychological Foundations of Management, 
(Edited by H. Metcalf), Chicago, 1927, p. 165. 

«/hid.,p. 168. 
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cies — departmental and general — ^which represent a progressively im- 
proved adaptation to a (hanging environment. 

Follett has made a broad application of the viewpoint to the settle- 
ment of conflicts between workers and management. “If,” she writes, 
“we want a settlement which will mean progress, greater success for 
our business, we shall try to include the values of both sides, which will 
give us more than the values of the two sides added together, wfll give 
us an emergent value. Our outlook is narrowed, our chances of success 
are largely diminished, when our thinking is constrained within the 
limits of an either-or situation. We should never allow ourselves to be 
bullied by an either-or. We want to learn how to make any human asso- 
ciation most effective, most fruitful. . . . When employers and em- 
ployees are willing to sit down together to try to solve their problems 
rather than to bargain on the basis of who possesses the greater eco- 
nomic power of the moment, then we shall be on the road to settling ‘the 
labor question.’ That genuine authority arises spontaneously within the 
process of building up an integrative unity should be the argument for 
employee representation, not that it is the ‘right’ of the workman nor 
because it will ease up things for the employer.” 

Integration is not an easy matter in the case of conflict within the 
single individual. It becomes an extremely complex problem in the 
case of the industrial organization, in which there are contending groups 
brought up on habits of considering narrow interests and the methods of 
everyday argumentation and contention. A first step in integration in- 
volves an exact determination of facts. It permits a free and unlimited 
expression of contending view points. It is carried through in an at- 
mosphere free from the subservience of one individual or of 
one group to another. It often involves the use of an advisory 
instead of an executive set-up as an agency for considering facts 
and freely expressed opinions as a basis for executive action. 
It devotes itself first and foremost to an analysis of under- 
lying conflicts as a way of contriving a solution that will ade- 
quately serve the needs of the total situation. The agency most fre- 
quently employed in industry as a means of substituting integration 
for domination is some form of employee representation, in the form 
of a “shop committee” or “works council,” an “organization under 
which the employees of an individual establishment, through rep- 
resentatives chosen by and among themselves, share collectively in the 
adjustment of employment conditions within that establishment.” 
The history and character of such agencies cannot be reviewed here.*^ 
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Several American firms, including the Nernst Lamp Co., of Pittsburg, 
the Nelson Valve Co., of Philadelphia, had experimented with em- 
ployee representation plans in the first decade of the century. How- 
ever, the movement received its great impetus in Great Britain from 
reports prepared by the Reconstruction Committee and Subcommittee 
on Rdations between Employers and Employees (1917), commo^y 
know as the “Whitley Committee.” 

Numerous representation schemes have since been adopted both 
here and abroad. These have failed in some instances because of the 
type of organization employed; in others because of the dishonest use 
of representation as a cloak for autocratic methods. More frequently 
they have not succeeded because of the failure to educate workers 
and management in the underlying philosophy and techniques of in- 
tegration. The solution of conflict by integration involves the establish- 
ment of new habits of thinking and new ways of acting for old patterns 
of thought and behavior. It requires a long apprenticeship in which 
respect for facts, the willingness to accept the motives of others as 
honest and sincere, and the techniques of discussion on an intellectual 
plane are gradually developed in both the worker and management 
group. “Integration is an achievement that requires skill and effort. 
It is much easier merely to see what should not be done and prohibit 
it than to discover what fundamental desires will thereby be deprived 
of outlet and devise ways of providing them with useful forms of ex- 
pression. It is easier to command than to bring about a common under- 
standing. To integrate is not easier, but temporarily at least, more 
difficult than to rule by sheer power. The value of integration is not 
that it makes present solution simpler or easier — its value lies in the 
better quality of the solutions, even though more difficult to attain. To 
learn how to integrate makes life or management not easier, but better 
and richer. . . . Orderliness and control are essential in the individual 
mind and in complex modern factories. Centralized indexible discipline 
secures orderliness and control, but does so at the price of repression 
and the disintegrating evils of submerged rebellion. Integration com- 
bines orderliness and control with freedom. It adds to the blessings of 
well-articulated operation, the power of voluntary co-operation and 
joint contrivance. It develops the character of an industry, and through 
the development of its character, the character of all who are engaged 
in it. To the extent that an organization or personality is through skill- 
ful integration at peace with itself and its elements employed in the 
service of the whole, there come stability, power, and poise.” ** 

THE NEW LEADERSHIP IN INDUSTRY 

The substitution of morale for discipline and of integration for dom- 
ination calls for a change in the quality of leadership in industry. 

^•G. S. Watkins, Labor Problems, New York, 1929, p. 630. 

" £. D. Smith, op, cH., pp. 241-243. 



PROBLEMS OF SUPERVISION 


627 


Bartlett has distinguished among three types of sectional leaders 
found in a complex social organization such as an army, viz.: 

'l. those who maintain their position mainly by virtue of the prestige 
attached to the office; 

2. those who maintain their position because of their capacity to 
impress and dominate their followers; 

3. those who maintain their position by reason of their personal 
capacity to express and persuade their followers. 

These may be respectively designated as the institutional, the dom- 
inant, and the persuasive types. Examples of each are likewise to be 
found in industry. Craig and Charters have listed, as follows, the 
qualities characteristic, to varying degrees, of these three traditional 
types of successful executives in industry. 

Forcefulness 

Ability to command respect 
Impartiality 
Control of temper 
Personal interest in the men 
Ability to train them 

Ability to give clear and detailed instructions 
Ability to follow up and see that instructions are carried out 
Ability to get and use suggestions of subordinates 
Ability to get teamwork 

Ability to praise wisely and reprimand e§ actively 
Ability to create a spirit of accomplishment 
Ability to develop enthusiasm when that is desirable 
Self-confidence 

Ability to develop self-confidence, particularly in the new employee 

The integration of conflict requires a type of leader not included in 
Bartlett’s classification and endowed with qualifications not explicitly 
mentioned in the list given above. He must depend not upon prestige, 
dominance, or persuasion, but upon the capacity to integrate the abili- 
ties and desires of individual members of a group to a common pur- 
pose.®* He is a leader who recognizes that in the liberation and use of 
the diversity of individual capacities, planning, foresight, and desires, 
lie the best guarantee of collective efficiency and power. He is an 
executive who appreciates his responsibility by effecting “a constructive 
and integrating growth” of his group,®® and agrees, in thought and deed, 
with Follett, 3iat “our generation — ^is contributing some^ing to the 
history of thought in this matter of human relations and — that busi- 
ness men have the opportunity to share ‘largely in that contribution. 

F. C. Bartlett, op. cit,, pp. 138-139. 

•ID. Craig and R. Charters, Personal Leadership in Industry, New York, 192S, 
pp. 235-36. 

•• W. Burnham, The Normal Mind, New York, 1925, p. 40. 

••W. V. Bingham, “Leadership,” in Psychological Foundations of Management, p. 26. 
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Academic pe(q>le may hope that what they are teaching will be fol- 
lowed their students, but business men can actually themselves put 
into practice certain fundamental principles. They may be making use- 
ful products), in addition to that they may be helping Ae individuals in 
their employ to further development, but even beyond all these things, 
by helping in solving the problems of the organization, they are help- 
ing to solve the problems of human relations, and that is certainly the 
greatest task man has been given on this planet.” 

M. P. FoUett, ^^Leader and Expert,** in Psychological Foundations of Business Manage- 
ment, pp. 242^3. 
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Aiming test, 234 ff, 362 ff, 461. 

Air humidity, human efficiency, 
493. 

Air movement, human effi- 
ciency, 493. 

Air temperature, human effi- 
ciency, 493. 

Alertness, In accidents, 359. 

Allgemein EtektrizMtsgesoU- 
schajt, 50. 
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Allport Asceadance-Submiuion 
Reaction Study, 316, 345. 

Alphabetical classification test, 
310. 

Ambivert, 591. 

American Assaciatton for 
Labor Legislation. 288. 

American Car and Foundry 
Co., 332. 

American Engineering Council, 
330, 362. 

American Federation of Labor, 
47. 

American Afanagement Associ* 
ation, 115. 

American Psychological As- 
sociation, 43. 

American Society Heating and 
Ventilating Engineers, 497. 

Amplitude quotient, 430 ff. 

Anaesthetizing, and functional 
intercorrelations, 235. 

Analogies test, 309 ff. 

Analogous tests, 226, 229, 238, 
240, 244, 279, 300; and 
learning curve, 230; minia- 
ture form, 228 ff; motor 
vehicle operators, 228; work 
sample tests, 225; 230. 

300. 

Analytic tests, 225 ff, 238, 244, 
279, 300; assumptions, 226; 
examples, 226; nature, 226. 

Application, letter of, 169. 

Application blank, 169; in 
selection, 179, 598; nature, 
179; predicting work sta- 
bility, 183; predicting earn- 
ings. 182 ff; scoring tech- 
nique, 182; selection of 
salesmen, 1 80 ff . 

Applied psychology, as a 
science, 36; foundation, 33; 
versus psychology applied. 
36. 

Apprehension, range of, 102; 
visual range improvement. 
102 . 

Apprentices, selection, 239 ff; 
selection metal trades, 
278 ff; selection tool makers. 
276, 278; test validation, 
251 ff. 

Aptitude, (See Ability). 

Arbeitschauuhr, 421. 

Arithmetic test, 310, 510. 

Army Alpha, 43, 76, 121, 124, 
196, 317. 

Army Beta, 43. 121, 124, 236, 
263, 2.76. 
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Array, psychology in, 43 ff, 49, 
54, 217 fif. 232. 

Army test for stenographers, 
312. 

Assemblers, 273. 

Assembling bicycle chains, 
472, 522, S2S ft 549 ff. 

Association, 30, 292; of ideas, 
28. 

AssockLtion of Irpn and Steel 
Electrical Engmeers, Safety 
Committee, 328. 

Atmosphere, convection, 493; 
evaporation, 493 ; fatigue, 
492 ff; human efficiency, 
492; nature of work, 497; 
output, 494 ff; radiation, 
493; sickness, 496; (See 
Ventilation). 

Attention, 288 ff, 292, 296; in 
accidents, 359; distribution, 
297; duration, 297; in learn- 
ing, 400 ff; learning in 
adults, 602 ; and low vitality 
in accidents, 389; movement 
sequence, 435; range of, 30, 
102; tests, 300, 303, 316, 
461; visual, 489. 

Aucrlichtgesellschaft, 50. 

Auditing clerks, tests, 315. 

Automobile operators, selec- 
tion, 2 77, 301 ff. 

Automobiles, accidents, 340, 
369 ff; sex difference, 389 ff. 

Balancing test, 234. 

Ball bearing inspectors, im- 
proving output, 13. 

Ball tossing, practice effect, 
104 ff. 

Barbers, intelligence rating, 
121 . 

Barrow, loading methods, 500; 
wheeling, physiological cost, 
500 ff. 

Base unit production time, 418. 

Bead threading, 240. 

Bell Telephone Co., 185. 

Bernreuter Personality Inven- 
tory, 245. 

Best-methods of work, 158, 
433 ff, 498. 

Bethlehem Steel Company, 10, 
12 . 

Bicycle chain assembly, 472, 
522, 549 ff. 

Bi-manual co-ordination, speed, 
233. 

Blood, analysis, 460; cells, 
456; changes, 453; colloid 
content, 583 ; condition read- 
ings, 473; count, 455 ff; 
pressure, 381, 461, 473, 583, 
499; sugar, 455; supply, 
451. 

Bodily excretions, analysis, 66. 

Bookkeeping, 123. 

Borderline deficients, job place- 
ment, 127. 

Boredom, 520 ff; and fatigue, 
523; feelings of. 522; intro- 
spective reports, 525, 528; 
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output variability, 527; pro- 
duction rate, 544; (See 
Monotony). 

Borsig-Tegel, 283. 

Boston Elevated Railway, 370, 
374, 385, 387, 590. 

Brick hauling, physiological 
cost, 500. 

Bricklayer's trade test, 220 ff. 

Bricklaying, improvement of 
methods, 13 ff; movement, 
431. 

Brown Spool Packer, 233. 

Bullet inspectors, 244. 

Bureau of Personnel Research, 
46. 

Bureau of Salesmanship Re- 
search, 46. 

Bus drivers, selection, 299 ff. 

Calculograph, 508. 

Calibration, 254. 

Caloric consumption, 143, 499. 

Calories, 498. 

Calorimetry, direct, 498; indi- 
rect, 498. 

Cambridge University, 48. 

Campus achievement, business 
success, 185. 

Cancellation test, 154, 273, 
275, 315, 424, 540, 546. 

Capacity, improvement, 101, 
104; (See Ability). 

Carbon dioxide, discharge, 
461; human efficiency, 492. 

Card sorting, 154, 234, 236, 
273, 309. 426 ff; practice 
effect, 105. 

Carefulness test, 303. 

Carelessness, accidents, 332 ff; 
test, 305. 

Carnegie Institute of Tech- 
nology, 46, 206. 

Carnegie Steel Co., 351. 

Carnegie United Kingdom 
Trust, 49. 

Carpenters, intelligence rating, 

122 . 

Cartridge case assembly, 548; 
inspectors, 274. 

Cashiers, 123, 537 ff. 

Caste, in motivation, 580 ff. 

Central Institute of Labor, 
51 ff. 

Cephalic index, individual dif- 
ferences, 90. 

Chaplains, intelligence rating, 

121 . 

Character analysis, 169, 190; 
experimental studies, 193 ff; 
handwriting, 197; modern 
systems, 191 ff; in industry, 
192. 

Character, classification, 190- 
91; (See Personality, 
Temperament); general inte- 
gration of, 245; in voca- 
tional fitness, 133, 135; 

judgment of, 175 ff; tests, 
industrial research, 244, 
248; traits, consistency of, 
245 ff. 


Charlottenburg Technische 
BochschuU, 50. 

Chauffeurs, selection, 49; 
trade test, 220. 

Check handling, fatigue, 449. 

Checking test, 310. 

Chemical industry, tests in, 
286. 

Chocolate packing, 522, 539. 

Choice reaction test, 234. 

Chronaxia, 452. 

Cigarette making, 548, 550 ff. 

Cincinnati Civil Service Com- 
mission, 316. 

Circle marking test, 276. 

Clark Thread Co., 330. 

Clerks, selection, 125, 309 ff. 

Clerical ability, relation to 
mechanical ability, 308. 

Clerical aptitude, as combina- 
tion of unique traits, 308. 

Clerical aptitude test, 80. 

Clerical tests, and general in- 
telligence, 308; results, 309. 

Clerical workers, intelligence 
rating, 121. 

Cleveland Railway Co., 333, 
379, 382, 384. 

Clinic, operation of, 35. 

Clinical method, accidents 
379; in accident prevention, 
376; and “atomistic” view, 
596; case studies, 379 ff, 
596 ff, 60S ff; dynamic con- 
cept, 596; maladjusted 
workers, 595; nature, 595 ff, 

' 599; older workers, 604; 

worker readjustment, 598 ff. 

Clinical psychologist, objec- 
tive approach, 610; orienta- 
tion toward normal, 608 ff. 

Clinical psychology, applica- 
tion in industry, 35 ff; con- 
tribution to applied psy- 
chology, 34; history, 34 ff. 

Clinical viewpoint, in mental 
testing, 257 ff. 

Cloth mending, eye strain re- 
lief, 492. 

Coal mines, atmospheric con- 
ditions, 495 ff. 

Code classification test, 310. 

Colgate Personal Inventory, 
245, 601. 

Colgate University, 45, 507. 

Color blindness, test, 298. 

Columbia University, 31, 44. 

Compensation costs, differences 
in nationality, 355. 

Compensation laws, accidents, 
327 ff. 

Competency, measuring di- 
rectly, 230; place in indus- 
trial test administration, 
225; measurement through 
learning curve, 230; sigtnf- 
icance in vocational fitness, 
133. 

Competition, 15 

Compositor, apprentice selec- 
tion, 125; illumination, 485; 
trade test, 218. 



Comptometer operator, tests, 
315. 

Conditioned reactions, in in- 
terview, 171. 

Conditions of work, 53, 109; 
change operating methods, 
5SS; controlled tempo and 
rhythm, 504 if ; hours of 
work, 465 ff; machine opera- 
tion, 501 monotony, 
548 ff, 555; noise, 506 ff; 
rest pauses, 470 ff, 554; 
supervision, 572 ff, 612£f; 
uniformity versus variety, 
548 ff; wage payment, 
554 ff; (See Ventilation, Jl- 
lumination, Fatigue). 

Conductor, 165. 

Consciousness, 28. 

Conservatism, of worker, 571. 

Context test, 313. 

Convergence, 491 ff; spectacles, 
491 ff. 


Co-operation, of workers in 
test program, 203. 

Co-ordination, 150; effect on 
learning plateau, 403; meas- 
urement, 461. 

Correlation, 30; computation 
of coefficient, 87 ff; in- 
terpretation of coefficient, 
87 ff; reliability, 253; 
validity, 252 ff. 

Cowdery Interest Blank, 248. 

Crainoscopy, 191. 

Crane operation, tests in, 286; 
training, 410. 

Crime, psychology of detection, 
41. 

Criteria, 236, 307; choice of, 
205; basic research, 214; 
information, 237; monotony, 
545; objective, 205 ff; out- 
side influences, 214; per- 
sonality tests, 545; plant 
records, 213; problems in 
selection, 212; quality, 237; 
quantity-quality, 237; rating 
scale, 206 ff; reliability, 212; 
selection, 265; subjective, 
205 ff; validity, 212. 

Critical score, 251, 254, 267, 


274. 

Cross stitching, 538. 

Cube test, 275. 

Cunningham Cab Co., 389. 
Curtis Publishing Co., 170. 
Cyclegraph, 157. 

Cyclothymic personality, 136. 


Daimler Motor Works, 285. 
Day dreaming, compensation, 
543i luqimtony, 543; pes- 
‘13; time eetima- 
Mind- 



Defeatist 

564. 


Department of Scientific In- 
dustrial Research, 48. 
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Determinism, 83. 

Dexterity tests, 80; correla- 
tion with spe^ tests, 235 ff; 
intercorrelatiofi, 235. 

Dexterity, work curve, 449. 

Dinta system, 394. 

Directions test, 226^ 264, 

315 ff. 

Disc placing test, 235. 

Discrimination, color, 29; in- 
tensity. 100; parallel lines, 
235; pitch, 100; sensory 
tests, 461; speed, 303, 490; 
tactual, 235; visual, 32, 
279. 

Discipline, 626; and morale, 
616 ff; punishment and 
reward, 616 ff. 

Distraction, 289. 

Diurnal work rhythm, 446. 

Division of Applied Psychol- 
ogy, 46. 

Division of Co-operative Re- 
search, 46. 

Dockyard apprentices, accident 
prevention, 347. 

Domination, 622. 

Douglas-Haldane method, 498, 
500, 507 ff. 

Dotting, accuracy, 461. 

Dotting test, 346. 

Downey Will Temperament 
Test, 248. 

Driving test, 222 ff. 

Drugs, packing of, 548. 

Dry-bulb temperature, 494 ff; 
accidents, 366. 

duPont Co., 330. 

Dynamometer, 234, 240, 466; 
hand, 460-61; mercury, 
444; water, 460. 

Earnings, application blank, 
180 ff; home conditions, 
213 ff; salesmen, 180 ff; 
taxicab drivers, 58, 59, 

182 ff. 

Economic status, children’s in- 
telligence, 94. 

Educability. nature, 231, 
242; and lest selection, 
238 ff. 

Education, psychology in, 
32 ff; accident prevention, 
389. 

Educational achievement test, 
224; clerical tests, 310. 

Efficiency, curve of, 446; 
economic aspect, 464; hu- 
man, 25, 436, 464 ff; satis- 
fyingness, 464; (See Fa- 
tigue, Monotony, Learning, 
Practice, Production Curve, 
Training, Work Curve). 

Efictency Committee of Ger- 
man Indmtfial Inquiry 
Boards 570. 

Efficiency engineer, fatigue 
eliminaUdn, 464; and psy- 
chologist^ 55. 

Effort, in learning plateau, 
400 ff; fatigue, 497 ff. 
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Electric lamp industry, testa 
in, 286. 

Electric railway operators, ac- 
cident-proneness, 372 ff. 

Electrical substation operators, 
202, 206. 

Elektromobil, 301. 

Emerson efficiency bonus, 478. 

Emotional disturbance, char- 
acteristics, 594 ; diagnosis 
by test, 594; early diagnosis 
predisposition, 595; job ef- 
ficiency, 594; and malad- 
justment, 593. 

Emotional maladjustment, case 
study, 596 ff, 605 ff; eco- 
nomic cost, 589 ff ; func- 
tional nervous disturbances. 
590; incidence at work, 
588 ff; overt expressions, 
588 ff; sources, 589; super- 
visors’ training, 611; symp- 
toms at work, 587 ff; and 
vocational maladjustment, 
586 ff; work dissatisfaction, 
587. 

Emotional readjustment, at 
the job, 597. 

Emotional stability test, 303. 

Emotionality, test, 300. 

Emotions, cyclical variations, 
582 ff. 

Employee attitudes, 570 ff; 
cyclical , variations, 582; 
determiners, 585; and effi- 
ciency ratings, 577; feelings, 
581 ff; and home life, 578, 
582; ignorance, 581; and 
neurotic tendencies, 578; 
psycho-neurotic inventory 
score, 578: and skill, 579. 

Employee medical costs, dif- 
ferences in nationality, 
355 ff. 

Employment, centralization of, 
23; cost, 116; procedures, 
117; traditional methods, 
117 ff, 169. 

Employment department, (See 
Personnel Department). 

Endocrine glands, fatigue, 453. 

Energographs, 460. 

Energy, consumption, 50; (See 
Fatigue). 

Engine lathe aptitude, 229. 

Engineering Foundation, 47. 

Engineering officers, intelli- 
gence rating, 121. 

Environment, and individual 
differences, 98 ff. 

Ergograph, 540, 557, 593; 
crgograms, 442 ff; arm, 445; 
finger,^ 441, 445 ff, 460; 
hand, 445; leg, 445. 

Ergometer, bicycle, 455. 

Examination quarters, 256. 

Executive attitudes, fear, 615: 
limited imagination, 615 ff; 
power, 615; self expression, 
613; silence regarding, 615; 
social responsibilities, 615; 
suspicion, 615. 
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Executives, diaiiscterlstics, 
(27; inieUigence and suc<^ 
cess, 126; ittroveraiou- 
extroversion, i34i selection, 
46; tesu for, 516 ff. 

Experimental groups, selection, 
«14ff. 

Experimental psychology, de- 
velopment, 26 ff, 

Extroversion, 67, 13$, 245, 
S4S, 591; vocational adjust- 
ment, 135-36< 

Eye-hand co-ordingtion, 233, 

Eye-hand-foot qp-ordination 
test, 388. 

Eye strain, accommodation, 
483 ; colored * illumination, 
489; convergence, 483; 
fatigue, 482 S; illumination, 
482 ff, 489; muKular move- 
ments, 483; spectacles, 
490 ff. 

Eye test, 154. 

Faculties, 191. 

Fairbanks Company, 351. 

Family studies. 85; Edwards, 
86 ff; hereditary genius, 85; 
Jukes, 85; Kallikaks, 86; 
Win, 87. 

Fatigue, 438-511; accident 
susceptibility, 356; alimen- 
tary system, 453; arrange- 
ment material, 503; atmos- 
pheric conditions, 492 ff; 
attention meter, 461; blood 
analysis, 460; (cells, 456; 
changes, 453; colloid con- 
tent, 583; condition read- 
ings. 473; count. 455, 456; 
pressure, 381, 455, 456, 
461. 473, 490, 583; sugar, 
455; supply, 451); carbon 
dioxide, 455, 456; cardio- 
vascular system, 453; cardio- 
graph records, 455; chro- 
naxia, 452; dironic, 459; 
curves, 455, 458 (Sw Pro- 
duction Curve, Work 
Curve) ; daily production 
curves, 448; decreasing sus- 
ceptibility, 464 ff ; diurnal 
variation, 446-47; effort, 
497 ff; and emotional nature, 
439; economic cost, 439; 
efficiency, 464; elimination, 
460, 464 ff; elimination of 
concept, 463 ; endocrine 
glands, 453; ergograms, 442, 
443; eye strain, 482 ff; feel- 
ing, 456 ff ; (components, 
456, 457; defensive r61e, 
4S7; and physiological state, 
457; production, 457 ff: 
spectacles, 491 ff); general 
bodily, 451; haemoglobin, 
455; hours of work, 465 ff; 
inhibition, 452; immunity, 
433; i^tement, 447 ff; in 
laboratory and in industry, 
446; load carrying, 498 ff; 
local, 451, 553; and lunch 
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period, 448; machine design, 
501, $03; material, arrange- 
ment, 503; measurement, 
460; metabolic changes, 
450 ff, 464; nature, 441; 
necessary, reduction, 459 ff; 
nervous system, 453 ; 
noise, 506 ff; physiolog- 
ical factors, 450 ff; pos- 
ture, 499 ff; practice, 
447 ff; and quality of pro- 
duction, 449; and produc- 
tion, 441, 446 ff, 475; prod- 
ucts, 452, 459; psycho- 
physical changes, 461; pulse, 
455; pulse pressure, 454, 
456; pulse product, 454; 
pulse rate, 454; reaching, 
503; reduction, 436, 459 ff; 
respiration, 453, 455 ff; 

rhythm, 504 ff; settlement, 
447 ff; social cost, 439 ff; 
speed of work, 504 ff ; spurt, 
447 ff; synapses, 452; tests, 
303; (chemical, 460; mental, 

460 ff; physical, 460; phy- 
siological, 460 ff; produc- 
tion, 460; psychological, 

461 ff; psydiophysical, 

460); types and body types, 
445 ; unnecessary, elimina- 
tion, 460, 464 ff; urine 

changes, 454 ff; useless 
movements, 498 ; warming- 
up, 447 ff; and welfare of 
society, 440; work posture, 
498. 

Fear control test, 298; re- 
action, 247, 319. 

Feebleminded, job placement, 
127. 

Filament winding, monotony, 
522. 

File, use of. 52, 408 ff, 415 ff. 

Filing clerks, selection, 125. 

Financial incentives, 561, 585; 
common features, 561 ff; 
executives’ overemphasis, 
615 ff; importance of, 580; 
inadequacy of, 562 ff; out- 
put, 562; wage systems, 561. 

Finger, speed of movement, 
233. 

Finger dexterity test, 278. 

Finger ergograph, 441. 

Firemen, 124. 

First National Conference on 
Street and highway Safety, 
369. 

Fitness for work, competency, 
U9; concept, 113 ff; in- 
terest. 119; proficiency, 119; 
temperament and character, 
119. 

Foot-candle, 482. 

Forearm, speed of movement, 
233. 

Forecasting efficiency, 253. 

Foremen, extroversion, 136. 

Foster ^ildren, environment, 
96; study of intelligence, 
97. 


Free associatiott, tests of in- 
terest, 138. 

Freyd Introvert-Extrovert 
Scale, 545. 

Fuse turning, output^ 466. 

Garment machine operators, 
selection, 125. 

Garment making, tests in, 285. 
Gaugers, 273ff. 

Genera! clerical tests, 307 ff; 
in United States Civil Serv- 
ice, 310. 

General Electric Company, 50. 
General intelligence, 121 ff; 
and academic work, 128; 
Burt’s concept, 131; com- 
mon factor, 129 ff; defini- 
tion of, 128; estimation 
from photographs, 186; 
general factor, 129 ff; group 
factors, 131 ff; measure- 
ment, 128; Spearman’s 
concept, 129, 131; specific 
factors, 129 ff; theories of 
nature. 127 ff; Thorndike’s 
concept, 130 ff. 

General intelligence testa, 225, 
303; Army Alpha, 225; 
Army group intelligence ex- 
aminations, 225; Bureau 
Personnel Research Test VI, 
225; for Cab drivers, 225; 
Otis General Intelligence 
Test (Designed for business 
institutions), 225; Otis Self 
. Administering Tests of Gen- 
eral Intelligence, 225; Scott 
Company mental alertness 
test, 225. 

General factor, intelligence, 
129; manual dexterity, 235; 
in mechanical ability, 231 ff. 
General motor ability, 233. 
Genes, 87; cumulative theory, 
87. 

George Washington University, 
44. 

German General Electric Com- 
pany, 285, 414. 

German industrial inquiry, 
570 ff. 

Gestalt viewpoint, competency, 
121; conflict, 624; job 
analysis, 164 ff; mechanical 
ability, 237. 

Gilbreth techniques, criticism 
of, 434 ff; description, 13 ff; 
156 ff. 

Glycogen, 450, 452, 459. 
Gnostic mental activity, 166. 
Governmental departments, 
psychology in, 50. 

Grammar tests, 313. 

Graphic Pursuit Meter, 593. 
Graphology, 197; character 
analysis, 198; experimental 
studies, 198 ff; industrial 
application, 197. 

Greater Berlin Tramways, 50, 
298 ff. 

Group, and supervision, 619; 
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circular syatem of thought, 
621; crowd spirit and loy- 
alty, 619; customary inhibi- 
tions, 619; emotions, 619; 
auggegtibility, 620; use of 
synods, 620. 

Group conflict, as end in itself, 
622; compromise, 625; de- 
sirability, 621 ff; destruc- 
tive, 62 2 ; domination, 
622 ff; integration, 621, 624. 

Group factor, 131; aestheto- 
kinetic tests, 234 ff; me- 
chanical ability, 236; man- 
ual dexterity, 235 ff; general 
intelligence, 133; quasi- 
general, 237. 

Habit, interference, 396 ff, 427, 
432, (See Skill). 

Hamburg Altona Central Sta- 
tion, 297. 

Hamburg Street Car Co., 297. 

Hammer, use, 52. 

Handkerchief folding, 548 ff. 

Harvard University, 41. 

Health of worker, early atti- 
tude, 21; modern attitude, 
21 ff; (See Fatigue). 

Health of Munitions Workers 
Committee, 48. 

Healy Puzzle Box, 264. 

Hedonistic, theory of action, 
565. 

Heel building, output, 468. 

Heredity, individual differen- 
cies, 84 ff, 107 ff. 

History of industrial psychol- 
ogy, Austria, S3; Belgium, 
53; Czechoslovakia, 53; 
England, 27, 43, 48 ff, 56; 
France, 27, 43; Germany, 
18 ff, 27, 40, 43, 49 ff, 56; 
Holland, 53; Italy, S3; 
Japan, 54; Poland, 53; Rus- 
sia, 51 ff; Spain, 53; Swit- 
zerland, 53; United States, 
19, 27 ff. 30. 43 ff, 45, 55; 
National trends, 55 ff. 

Hollerith Machine operators, 
120, 404; tests, 315 ff. 

Home conditions, output, 473. 

Human efficiency, 25, 464 ff; 
time and motion study, 436; 
versus economic efficiency, 
464 ff. 

Human factor, in industrial 
organization, 4, 22. 

Human relations, 628. 

Identical twins, mental re- 
semblance, 92 ff; resem- 
blance in criminality, 93. 

Illumination, affective tones, 
483 ff; artificial, 482. 485; 
colored, 489 ff ; cost versus 
returns, 487; daylight, 482, 
485; economic value, 486; 
evenness. 489; human bene- 
fits, 487 ff; industrial effi- 
ciency, 484 ff; intensity, 
488 ; improvement principles. 
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488; output, 486, 490; 
production, 484; production 
coats, 488; safety, 488. 
Imaginal types, 34. 

Immediate memory, test, 300, 
315. 

Immediate memory for digits, 
effect of training, 104. 
Imperial Univ&sity of Tokio, 

Incentives, 22, 214; financial, 
439, 561; learning, 403 ff; 
non-financial, 564 ff; in 
practice, 401 ff; (See Mo- 
tives). 

Incitement, 469, 477; and 
daily work curve, 447; na- 
ture, 447; and weekly pro- 
duction curve, 448, 

Indiana Department of Factory 
Inspection, 356. 

Indiana University, 159. 
Individual, as unit of action, 
33 ff. 

Individual adjustment and effi- 
ciency, 4, 29, 32, 34, 42, 

61, 113. 

Individual differences, 41, 119; 
accident prevention, 62; ac- 
cident proneness, 334 ff; ac- 
cident susceptibility, 334 ff; 
best movements, 434 ff; 
boys’ height, 67; bottom 
scourers, 60 ff; cephalic in- 
dex, 90; character traits, 
97; cultural status of family, 
98 ff; distribution, 57, 65 ff; 
doctrine of human equality. 
65; early work, 608; educa- 
tional tests, 90; energy dis- 
charge, 445 ; environment, 
95 ff, 107 ff; experimental 
analysis, 30; fatigue, 444; 
heel turning, 63; heredity, 
84 ff, 107 ff; history of 
study, 28 ff; imagery, 30; 
inhibition of impressions, 
536; insulating machine 
operation, 62 ; intellectual, 
57; learning, 57; literary 
interests, 98 ff; lock as- 
sembly, 65 ff; mechanical 
oi)erations of father, 98 ff; 
mechanical operations of son, 
98 ff; mental tests, 30, 63; 
mental traits, 33; monotony, 

62, 536, 541, 547, 558; na- 
ture, 57 ff; normal distribu- 
tion, 67 ff; physical and 
mental, 31; psychological 
tests, 90; psychophysical 
tests, 63; range. 62 ff ; re- 
action time, 57; significance, 
29; significance in industry, 
57 ff, 61; significance in 
selection, 62; significance in 
training, 62; silk weaving, 
61; spoon polishing, 63; 
statistical analysis, 30; stat- 
ure, 57; taxi driver earn- 
ings, 58 ff; training, 100 ff. 
239, 242, 421; variability, 


57 ff ; young childreiiu 94 ff: 
(See Origin of IndWidual 
Differences). 

Individual fitness, 498; effi- 
cie^ criterion, 465. 

Individual psychograph, 147 ff. 
2 26 . 

Individual welfare, 19, 21 ff, 
25. SI, 439 ff. 

Industrial Fatigue Research 
Board, 48, 485; factory in- 
vestigations, 547. 

Industrial Health Research 
Board, 48 ff, 366, 547. 

Industrial psychologist, qualifi- 
cations, 38; in individual 
plant laboratories, 44 ff; 
university affiliation, 44. 

Industrial psychology; basis, 
29; development, 26; eco- 
nomic aspects, 8. 18 ff; 

foundations, 3; and general 
psychology, 36; history, 
40 ff; influence of World 
War, 18 ff, 43; institutional- 
ization. 46 ff; interest, 29; 
International Congresses, 
54; justification. 19; nature, 
23-24; objectives, 4, 42, 55; 
objectivity, 38 ; psycholog- 
ical foundations, 26, 38; 
purpose, 25; as a science, 
36 ff; scope, 17, 54 ff; so- 
cial foundations, 20; view- 
point, 38. 

Industrial Psychology (Jour- 
nal), 45. 

Industrial Lighting Laboratory, 
486 ff. 

Industrielle Psychotechhik, 51. 

Industrial relations, 22. 

Industrial revolution, 9, 20. 

Inhibition, fatigue feeling, 
457: voluntary effort, 452 flF; 
winking reflex, 234. 

Inserting, 539. 

Inspectors, 136, 273. 

Instinct, 135; creative, 515; 
economic activity, 565; 
classifications of. 514, 566; 
conflicts, 566 ff; Freudian 
formulae, 566 ; hypothesis, 
inadequacy. 567 ff; in indus- 
try, 566 ff; in monotony, 
515, 558 ff; Ibature of, 

513 ff, 567; repetitive work, 
513; thwarted, 515; work- 
manship, 513 ff; (See Mo- 
notoi^. Motives). 

Instructions test, 318. 

Institut fdr Arbdtspkysiologie, 
Kaisef/ Wilhelm-— Gesell- 
schaft, 50. 

Institute for Applied Psychol- 
ogy, Berlin, 50. 

Institute of Industrial Effi- 
ciency, 54. 

Institute of Labor, Charkow, 
52. 

Institute of Practical Psychol- 
ogy, SO. 

Institut /. J. Rousseau, S3. 
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instUuie i&r Sciet^fic Organ- 
itation of Work^ JCasan, 52. 

itntegration, fact , determina- 
tion, 625; educa^n in, 626; 
employee repiresentation, 
625 ff; group ceitiilict, 625, 
627; individual conflict, 
624 ff; integrative unity, 
624; nature, 626; of spe^ 
and accuracy, 301; analysis 
whole situation, 624. 

Intelligence, abstract, 132; as- 
sembly workers, . 125 if; and 
cutting work, 127; execu- 
tives, 126; and flling work. 
125. 127; and garment 

work, 125 £f; gauging, 125; 
hand sewing, 127; improve- 
ment, 96; inspecting, 125; 
job success, 123 ff; job ten- 
ure, 123; learning teleg- 
raphy, 125; limitations in 
vocational selection, 124 fl; 
meaning, 127 fl; measure- 
ment, 34, 121 ff; minimum 
vocational levels, 126 ff; 
mechanical, 132; nature, 
127 ff; packers, 125 ff; past- 
ing work, 127; in selling, 
127; selection of firemen, 
124; selection of machine 
operators, 124; selection of 
motormen, 125; selection of 
policemen, 124; social, 132; 
and stock work, 127; silk 
workers, 125; tool making, 
125; trade success, 124; 
turnover, 123; vocational 
over-lapping, 125. 

Intelligence tests, 303, 309, 
313, 316, 347, 610; emo- 
tional readjustment, 599. 

Interest, vocational, 137 ff; 
and ability, 139 ff; 
acceptance-rejection theory, 
138 ff; and achievement, 
140; distraction tests, 
138; economic efficiency, 
141; free association tests, 
138; information tests, 138; 
and job satisfaction, 140; 
learning tests, 138; meas- 
urement of, 248; and monot- 
ony, 140* self-rating, 138; 
vocation^ fitness, 137, 
140 ff. 

Interest inventories, 138, 140; 
advantages, 249; limita- 
tions, 249. 

International Congress of 
Psychotechnology, 54. 

International Harvester Co., 
351. 

International test chart, 485. 

Interview, accident preven- 
tion, 381; bias, 172; condi- 
tioned reactions, 171; em- 
ployee’s attitudes, 572, 577; 
experimental studies of, 173; 
generalised habit, 171 ff; 
improvement, 176 ff; nerv- 
ousness of subject, 172 ff; 
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objective activities in, 179; 
objective expression of judg- 
ments, 179; prevalence of, 
169 ff; reliability, 173 ff, 
177, 179; in selection, 

169 ff; sources of error, 
171-172; standardization of 
procedures, 179; time ele- 
ment, 170 ff; validity of, 
169, 173 ff, 176; and 

worker morale, 572 ff. 

Interviewers, selection, 178; 
training, 178. 

Introspection, 28, 30, 36. 

Introversion, effect upon voca- 
tional adjustment, 135 ff. 

Introvert, 67, 245, 545, 591. 

Job achievement, classification, 
251 ff, 265 ff; percentage 
comparison, 251 ff. 

Job analysis, 52; by activity, 
155, 159; early, 40; em- 
ployment, 143; gestalt view- 
point, 164 ff; guide to, 144; 
individual psychograph, 
147 ff, 226; job psycho- 
graph, 150ff, 226; mosaic 
principle, 164 ff; purposes. 
142 ff; psychological tech- 
niques, 147; psychological 
viewpoint, 145; psycholog- 
ical test research, 204; 
questionnaire method, 148 ff; 
scope, 142; sources informa- 
tion, 145; structural prin- 
ciple, 164 ff; systematic 
subjective analysis, 155; 
taxi operation, 302 ff; by 
test, 151, 154 ff; in train- 
ing, 142. 

Job classification, 165; value 
of, 166. 

Job efficiency, individual satis- 
faction, 540. 

Job grading, 165, 168. 

Job promotion, 109. 

Job psychograph, 150ff, 226. 

Job requirements, 154; (See 
Job Analysis). 

Job specification, 143; sample, 
ISOff; faults, 145 ff; (See 
Job Analysis). 

Job transfer, 109, 

Journal of Applied Psychology, 
45. 

Journal of tKt National Insti- 
tute of Industrial Psychol- 
ogy, 49. 

Journal of Personnel Research, 
45. 

Judgment of speed and dis- 
tance, moving objects test, 
228 ff. 300. 303. 

Jute weaving, illumination, 
487. 


Kata-thermometer, 366, 494, 
499. 

Kimberly-Clark Corporation, 
577. 


Koerth Pursuit Rotor, 233, 
Krupp, SO. 


Labelling, 472. 

Labor disputes, and supervi- 
sion, 613. 

Labor turnover, causes, 117; 
cost, 1 1 5 ff ; definition, 115; 
intelligence, 123, 538; rate. 
115 ff. 

Laboratory of Industrial Psy- 
chology, Moscow, 52, 

Lactic acid, 450 ff, 459. 

Lamp filament mounting, eye 
strain, 491. 

Language comprehension test, 
and safety, 224. 

Lasters, 241 ff. 

Lathe hand, trade test, 219. 

Leaders, characteristics, 627; 
types, 627; (See Executives). 

Leadership in industry, 626; 
neglect of significance, 614; 
new, 626. 

Learning, adult, 602 ff; atten- 
tion, 402; incentives, 405 ff; 
motivation, 403 ff, 433 ; 
progress, 397; motor, 411 ff; 
part versus whole-method, 
411 ff; plateau, 400 ff, 407; 
progress information, 404 ff; 
punishment, 405 ff; rate, 
397 ff; reward, 406; simul- 
taneous combination, 413; 
simultaneous division, 413; 
size of units, 401 ; whole 
method, 408; (See Practice, 
and Training). 

Learning curve, 40, 244, 397; 
characteristics, 397; motor 
vehicle operation, 302; pla- 
teaus, 400 ff, 407; in selec- 
tion, 40, 230; in training, 
40, 408 ff, 417 ff; (See 

Practice Curve). 

Learning test, 226, 264. 

Letter of application, 185. 

Life insurance salesmen, 180 ff. 

Linking hosiery, eye strain im- 
provement, 492. 

Linking process, eye strain, 
491. 

Load carrying, factors influenc- 
ing, 499; optimum load, 
500; (See Fatigue). 

Location test, 263. 

Locomotive engineers, 306. 

Lorwe Company, SO. 

Logical sequence test, 315. 

Loss of weight, atmosphere, 
495; (See Ventilation). 

Machine, human displacement, 
20, 603; defense, of machine 
age, 516 ff; design, 502; fa- 
tigue, 438, 503; and man. 
3, 4, 9, 25, 513; mental 
alertness, 517; monotony, 
512; worker’s attitude, 
570 ff; (See Fatigue, Mo- 
notony). 
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Machine feeding, 16S. 

Machine operators, 124, 273. 

Machinists, 273, 278. 

Machinist apprentices, selec- 
tion, SO, 2 79 ff, training, 
410, 415. 

Mac Quarrie tests of mechan- 
ical aptitude, 263. 

R. H, Macy, and Co., 171, 179, 
S90, 608. 

Mail distributors, nature of 
work, 317; selection, 317ff. 

Maladjusted workers, 586-611; 
clinical study, 595 ff. 

Maladjustment, industry, 35, 
586-611 (See Emotional 
Maladjustment; Personality 
disturbance). 

Management, and administra- 
tion, 613. 

Manipulation, 232. 

Manual ability, 231; test, 279. 
(See Mechanical Ability). 

Manual dexterity, 77; general 
factors, 235 group fac- 
tors, 235 ff; training, 424; 
(See Mechanical Ability). 

Marble sorting, practice effect, 
105. 

Martin spring balance, 460. 

Masaryk Academy of Labour, 
53. 

Mass industrial unrest, 515. 

Match insertion test, 424. 

Maze, 412, 

McDougall -Schuster Dotting 
Test, 234, 593. 

Mechanical ability, as central 
factor, 232; concrete, 232; 
environment, 99, 236; “g” 
factor, 232; group factor, 
236, 238; gestalt viewpoint, 
237 ff; individual differences, 
98 ff; “m” factor, 232; na- 
ture, 230 ff; general factor, 
238; practice, 239; single 
factor theory, 232; specific 
factors, 232 ff, 237, 238; 
tests, 80, 232, 236, 263, 275, 
281 ff; unique trait, 236 ff; 
(See Manual Ability, Man- 
ual Dexterity, Motor Skill). 

Mechanical interest, 236. 

Mechanical work, experience, 
236. 

Mechanization, aesthetic val- 
ues, 517; social values, 517. 

Medical Research Council, 48. 

Memory test, 318. 

Mendelian Laws, heredity, 87, 

Mental activity, rest pauses, 
477. 

Mental alertness, predicting 
earnings, 182. 

Mental arithmetic test, 424. 

Mental fatigue, 452 ff; and 
bodily activity, 453. 

Mental hygiene working party, 
607. 

Mental resemblances, related 
and unrelated individuals, 
85 ff. 
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Metabolic changes, fatigue, 
450 ff. 464. 

Metal workers, 226, 275, 278, 
285. 

Metropolitan Life Insurance 
Co., 333, 373, 378, 382, 384. 

Michrochronometer. 157. 

Micromotion study, 157. 

Migratory workers, instincts 
in, 567. 

Miles Motility Rotor, 233. 

Milwaukee Electric Railway 
and Light Co., 44, 291 ff, 
295, 385. 

Mimetic tendencies, in inter- 
view, 173. 

Mind-wandering, monotony, 
543; production rate, 544 
(See Day-Dreaming; Mo- 
notony). 

Miniature highway test, 388. 

Minnesota Assembly Box, 232. 

Minnesota Assembly Test, 236. 

Minnesota Clerical Checking 
Test, 308. 

Minnesota Paper Form Board 
Tests, 236. 

Minnesota Spatial Relations 
Test, 236. 

Minnesota Unemployment Re- 
search Project, 78. 

Miscellaneous clerical activities 
test, 310. 

Moede Impulsemeter, 240, 
424. 

Monotony, 472, 512-59; atten- 
tion, 540 ff; “attention set,” 
557 ff; as an attitude, 
546; automatization, 542; 
changes in operating meth- 
ods, 555; characteristics, 
523; conditions of work, 
548, 555, 558; criterion, 
545; day-dreaming, 543; 
elimination, 537; emotions, 
540; emotional instability, 
546; employee representa- 
tion, 556; limitation of ex- 
pression, 516; escape, 515; 
and fatigue, 558 (See Fa- 
tigue); feelings of, 520, 
522 ff; groups loyalties, 
556; inhibitory theory, 557; 
introspective reports, 520, 
525, 528; instinct conflict, 
556 ff; intelligence, 537 ff, 
546; job knowledge, 556; 
perception of homogenous 
stimuli, 556; individual dis- 
position, 536, 547; ma- 

chines, 512; mental alert- 
ness, 515, 559; output rate, 
124, 521 ff, 543; output 

variability, 523 ff, 538, 541; 
production decrement ratio, 
546; questionnaire, 545; 
rest pauses, 554; subjective 
feeling, 539, 540; suscep- 
tibility, 534 ff, 541 ff. 558; 
supplying materials, 555; 
simple versus complex tasks, 
547; simple and varied 


work, 545 ff; system of 
wage payment, 554 ff; talk- 
ing, SS5ff; tests, 537, 547; 
theories, 556 ff; time esti- 
mation, 528 ff; uniformity 
versus variety, 545 ff, 
548 ff, 558; work tempo, 
541, 543 ff, 555. 

Monotony curve, 124; charac- 
teristics, 521 ff; psycholog- 
ical aspects, 52 1 ft. 

Morale, 618 ff: improve- 
ment by interview, 572; na- 
ture, 618; steady behavior, 
618. 

Morse Co., 351. 

Motion models, 158. 

Motion study, candy dipping, 
437; coal mining, 437 (See 
Time and Motion Study). 

Motivation, learning, 403 ft. 

Motives in work, 560 ff; anal- 
ysis, 41; caste, 580 ff; ex- 
perimental investigation, 
568 ff, 582 ff; incentives, 
financial, 561 ff; non- 
financial, 564 ff; instinct, 
565 ff; intellectual deter- 
minants, 568; multiplicity 
of, 576 ff; skill, 579; super- 
vision. 572 ff; volitional 
determinants. 568. 

Motorcyclist, trade test, 220. 

Motormen, ’ 145; accident 
proneness, 379, 382; selec- 
tion, 42, 50, 125, 247, 288, 
297 ff, 300; training, 395 ff, 
410. 

Motor ability, 236 (See Me- 
chanical Ability). 

Motor abilities, 233 (See Me- 
chanical Ability). 

Motor capacities, 231 (See Me- 
chanical Ability). 

Motor co-ordination, accidents, 
388. 

Motor response, significance in 
vehicle operation, 296 ff. 

Motor rhythm test, 233. 

Motor skill, 231; analysis, 120, 
231; definition, 120; func- 
tional relationship, 23 7 ; 
gestalt of functions, 231; 
group factors, 233 ft; im- 
provement of underlying 
mechanisms, 231; practice 
versus aptitude, 231; single, 
central factor, 231; salient 
questions, 231; specificity. 
233; (See Mechanical Abil- 
ity). 

Motor steadiness test, 309. 

Motor suggestibility test, 300, 

Motor tests, complex, 234; in- 
terrelation, 77, 234 ff; sim- 
ple. 234. 

Motor type, 233. 

Motor vehicle operators, selec- 
tion, 227 ff, 288 ff; training, 
410 ff, 422, 

Movement, analysis, 434; in 
bricklaying, 13 ff; combina- 
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tioos of, 434; contintioiis 
versus angular, 4S6; changes 
in form, 432 ; chdjuracteristics 
of, 432; numbmr of, 436; 
rhythm, 435 ffi sequence, 
43Sff; slow and fast, 432; 
(See Time atid Motion 
Study). 

Moving belt, mondtony, 555; 
output, 504-03; workers’ 
attitude, S43-44, 

Mttnsterberg Motnrman Test, 
289 ft. 

Muscle, physioiogipal changes, 
450; activities, rest pauses, 
477; balance test, 347; con- 
trol, 387; fatigue, 450, 452 
(See Fatigue), resistance 
test. 303; tonus, tests, 461; 
work curve, 449. 

Musical ability, inheritance of. 

100 . 


National Association of Taxi- 
cab Owners, 3 70 ff . 

National Conference on Street 
and Highway Safety, 329. 

National Institute of Industrial 
Psychology, 1 7, 48 ff. 

National Research Council, 47. 

National Safety Council, 325, 
328 ff, 331, 369, 375. 

Nature and nurture, 83-109; 
significance in industrial 
psychology, 48. 

Navy, psychology in, 54. 

Negative acceleration, in 
learning, 397. 

Negative transfer, 427. 

Nelson Valve Co., 626. 

Nernst Lamp Cn., 626. 

Nervous exhaustion, 440. 

Nervous fatigue, 452 (See 
Fatigue). 

Neurological Institute of Uni- 
versity of Moscow, 52. 

New York State Ventilation 
Commission, 493. 

Night vision, test, 298. 

Nine-hole steadiness test, 236. 

Noise, annoyance, 507; dyna- 
mogenic effect, 506; effi- 
ciency, 509 ff; energy ex- 
penditure, 507 ff; feeling 
tone, 509; fatigue, 503, 

506 ff; fear-reaction, 507; 
meaningful and meaningless, 
510; mental performance, 
510; cost to organism, 507; 
output, 506, 511; repetitive 
manual task, 510; spoiled 
work, 509; typists’ output, 

507 n; (See Fatigue). 

Non-identical twins, resem- 
blance in criminality, 93 ; 
mental resemblance, 93. 

Normality, psychological con- 
cept, 609 if. 

Norms, development of, 253 ff; 
change in, 255. 

Northwestern University, 44. 
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Number group checking test, 
154, 273 ff, 315. 

Number setting test, 347. 


Objective test score, limitations 
of, 257. 

Observation, 150. 

Occupational classification of 
intelligence, 121 ff, 166; job 
grading, 165 ff. 

Office occupations, tests, 307 ff. 

Ohio State University, 44, 388. 

Old age, clinical study, 604; 
case study, 605-07; chang- 
ing work conditions, 602-03; 
learning, 602 ff; personality 
changes, 603 ff ; physical 
slowing-up, 604; re-adjust- 
ment, 604; vocational mal- 
adjustment, 602 ff; volun- 
tary muscular processes, 604. 

One-best-way, 158, 434; crit- 
icism of, 435. 

Operating efficiency, and acci- 
dent rate, 371, 386 ff. 

Operating errors, reduction due 
to tests, 271 ff. 

Operating mistakes, criterion of 
vocational success, 205. 

Operation, observation in acci- 
dent prevention, 379 ff. 

Opposite tests, 315. 

Orga Institute, 50. 

Organic rhythm and efficiency, 
447. 

Origin individual differences, 
83-109; heredity, 83 ff, 
107 ff; implications for edu- 
cation, 84; innate versus ac- 
quired, 83; significance for 
industrial psychology, 109. 

Orphanage children, environ- 
ment, 95. 

Oscillation test, 387, 461. 

Osram-Werke, Siemens Com- 
pany, 50. 

Output, atmospheric conditions, 
494, 495; eye-strain, 492; 
and feelings, 457 ff; illu- 
mination, 486 ff, 490; 
length working day, 465; 
length working week, 468; 
mental attitude, 473 ff, 476, 
572; monotony, 124, 521, 
523 ff; monotony criterion, 
545; moving belt, 504; rate 
decrease, 468; rest pauses, 
470 ff, 554; restriction, 
562 ff, (involuntary, 466, 
voluntary, 469, 562 ff) ; 

rhythm, 504; talking, 539,. 
540, 555 ff; unnecessary 

movements, 503; variability, 
523 ff; working methods, 
497: working period, 466 ff; 
work uniformity vs. variety, 
548 ff. 

Oxidation, muscular activity, 
451. 

Oxygen, consumption, 461; 
debt, 451; energy cost. 499: 


intake, 461; measurement, 
461, 500; (See Fatigue). 


Packers, selection, 125 ff. 

Packing Blocks Test, 236. 

Parent — child, mental resem- 
blance, 90 ff, 94 ff. 

Paris Combined Transport 
Services, 299. 

Parmelee System Inc., 354. 

Part method — (See Learning). 

Pattern of mental abilities, in 
job success, 147. 

Pendulum Test, 362, 364. 

Penmanship Test, 310. 

Percentage Decrement Score, 
546. 

Percentile scores, 255. 

Perception, distance, 228; 

sp^, 228, 230, 300. 

Peg boards, 235, 278. 

Perseveration test, 387. 

Persistence Test, 264. 

Personality, in selection, 133- 
36, 301. 

Personality disturbances, in in- 
dustry, 590 ff; and job suc- 
cess, 591 ff; psychiatric 
classification, 592; sales 

clerk, 591 ff; and selling 

cost, 592 if; (See Character; 
Emotional Disturbance; 
Emotional Maladjustment). 

Personality Inventory, 80; C-2, 
316; sample questions, 246. 

Personality tests, cautions, 
245; Allport Ascendance- 
Submission Reaction Study, 
316, 345; Bernreuter Per- 
sonality Inventory, 245; 
Colgate Personality Inven- 
tory, 245, 601; Downey Will 
Temperament Test, 248; 
Fear Control Test, motor- 
men, 298; Fear-reaction, 
247, 303; Psychogalvano- 
meter, 388; stage of develop- 
ment, 610; Switching 
Control Test, 265; Thur- 
stone Neurotic Inventory, 
245; types, 244-48, 
Woodworth-Wells Psycho- 
neurotic Inventory, 545. 

Personnel department, admin- 
istrative divisions, 124; 
functions, 24; origin, 23; 
policies, 23; purpose, 23; 
training, 394. 

Personnel Journal, 45, 47. 

Personnel Research Federation. 
45, 47. 372, 385, 387. 

Personnel workers, character 
estimation from photographs, 
186 ff; optimism, 189. 

Philadelphia Electric Company, 
79, 115, 168, 203, 206, 222, 
260, 261, 313, 353. 

Philadelphia Rapid Transit 
Company, 372, 374, 386. 

Photographs, 169, 185 ff; 

judgments by college stu- 



dents, 189 ff; Judgments by 
personnel workers, 186 ff; 
validity of character judg- 
ments, 186, 

Phrenology, 191. 

Physical condition, accidents, 
352 ff; atmosphere, 495; Job 
fitness, 119. 

Physical resemblances, related 
and unrelated individuals, 
87-100. 

Physioimomy, 191 ff, 195, 196. 

Physiological changes, fatigue, 
450 ff; (Sm Fatigue). 

Physiological signs, 169. 

Picture Completion Test, 315. 

Pig-iron, handling, 10 ff, 497. 

Plate sorting, rhythm, 504. 

Polarimeter, 483. 

Policemen, 124; tests, 319 ff. 

Politics, psychology in, 32. 

Posting clerks, tests, 315. 

Posture, in carrying, 499 ff. 

Practical ability, 231. 

Practice, group homogeneity, 
104, 106 ff, 239, 241 ff; 

changes of movement, 430 ff ; 
in filing, 52, 242, 408 ff, 
415 ff; 242 ff; gain, 418 ff; 
incentive, 401 ff; individual 
differences, 100 ff, 242, 421; 
motor ability, 104 ff, 238 ff; 
and production, 447; rela- 
tive standing, 104 ff, 238 ff; 
rest pause, 480; in typing, 
239; and weekly production. 
448; (See Learning). 

Practice curve, 230, 397, 421; 
analysis of, 417, 420 ff; 
characteristics, 397; effec- 
tiveness of instruction, 
420 ff; individual progress, 
420; length training period, 
417 ff; plateau, 399 ff; in 
training. 400, 408, 421 ; (See 
Learning, Work Curve, 
Production Curve). 

Praktische Psychologic, 51. 

Printer. 165; tests, 286. 

Problem individuals, incidence, 
590. 

Production, daily variation, 
449; illumination, 484; rate, 
446; (See Output, Practice 
Curve). 

Production curve, 424, 446, 
475, 523, 544, 552; daily, 
447 ff; fatigue measurement, 
462 ff; weekly, 448; (See 
Practice Curve, Learning 
Curve, Work Curve). 

Production Decrement Ratio, 
546. 

Professions, study of, 52. 

Proficiency, effect of training, 
104; tests in industry, 
217 ff; (See Trade Tests). 

Profile, test scores, 79, 226. 

Progress records, 420; (See 
Practice Curve). 

Promotion, 113 ff, 168. 

Psychiatrist, orientation toward 
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abnormal, 593, 608 ff; sub- 
jective approach. 610. 

Psycho-biological constant, 74. 

Psycho-galvanic reflex test. 
347. 

Psychogalvanometer, 388. 

Psychograph, individual. 147 ff, 
226; job, 150 ff, 153, 226. 

Psychological clinic, 32. 

Psychological Corporation, 
46 ff. 

Psychological laboratories, 
individual plants, 50. 

Psychological tests; office occu- 
pations, 307 ff; public 
service, 317 ff; skilled and 
semi-skilled workers, 260 ff; 
standardization and adminis- 
tration, 200 ff; supervisory 
occupations, 316 ff; transpor- 
tation industry. 288 ff. 

Psychological viewpoint in 
industry, psychiatric, 607 ff. 

Psychology, application of, 32 ; 
vs. psychotechnology, 37 ff; 
pure and applied, 32 ff, 39; 
as pure science, 32. 

Psychophysical changes, and 
work, 461. 

Psychophysics, 30. 

Psychrometric rooms, 497. 

Psychotechnische Zeitschrijt, 
51. 

Psychosis, in industry, 566 
(See Maladjustment, Emo- 
tional Maladjustment, Emo- 
tional Disturbance). 

Psychotic disturbances, and 
individual adjustment, 586; 
(See Maladjustment, Emo- 
tional Maladjustment, Emo- 
tional Disturbance). 

Psychotechnology, meaning and 
nature, 37 ff. 

Public Service, selection of 
employees, 317. 

Pulse rate, 461. 473, 495, 499. 

Punishment, appeal to fear, 
617; effect upon learning, 
405 ff; limitations of, 617. 

Purdue University, All, 

Pursuit meter, 234, 346, 368, 
461. 

Pursuit Test, 263. 

Quaker Cab Company, 600, 

Qualitative aspect test per- 
formance, 256 ff, 320. 

Questionnaire, in job analysis, 
148; employee attitudes, 
577; executive attitudes, 
614 ff. 

Rate of discharge, 150. 

Rating Scales, 206; alpha- 
betical, 211; check list, 211; 
descriptive, 210; limitations, 
211; linear, 211; man-to- 
man, 206; numerical, 210; 
order-of -merit, 210; over- 
coming difficulties, 212; 
samples. 207 ff. 
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Ratings, reliability of, 266 ; 
validity of, 268. 

Reaction tests, choice, 387; 
fear, 298; multiple, 303; 
simple, 303. 

Reaction time, 28, 30, 295; 
and accidents, 304 ff; tests, 
234, 240. 300, 303, 346. 

Reasoning ability teat. 321 ff. 

Recklessness test, 303. 

Recreation, output, 473. 

Recurrence, Law of, 345. 

Reflex activity, fatigue, 461. 

Regulations, knowledge test, 
298. 

Relaxation, rest pauses, 481 ff; 
revery, 482. 

Relay assemblers, 472. 

Repairmen, 306. 

Repetitive work, in early times, 
518; extent, 519; individual 
efficiency, 512; individual 
welfare, 512; instinct, 513; 
limitation of expression, 
516; mental alertness, 515, 
517 (See Montony, Fatigue), 

Research Bureau jor Retail 
Training, 46. 

Research engineers, 136. 

Research Section^ U. S, Civil 
Service Commission, 317. 

Resemblances, related and un- 
related individuals, 85 ff. 

Rest pauses, 541; adaptation, 
472, 476; authorized, 471; 
effectiveness, 471 ff; fatigue, 
470 ff; individual plant con- 
ditions, 478; minimum, 477; 
monotony, 554; output, 
472 ff, 476, 480 ff; Optimal 
length, 476 ff; optimal loca- 
tion, 476 ff; pessimistic 
reveries, 554; piece rate 
workers, 471; relaxation, 
48 1 ff ; unauthorized. 471; 
value, 481; voluntary, 421; 
voluntary and efficiency, 
495; work curve, 479; 
workers selection, 478 (See 
Fatigue; Monotony). 

Revery. irrational, 482; pessi- 
mistic, 554; effect upon 
learning, 405 ff. 

Reward, enforcement from 
without, 617; limitations of, 
618; variety of motives, 
617. 

Rhythm, 504; conscious effort, 
505; fatigue, 439, 504 ff; 
motion study, 436; move- 
ment, 435 ff, 504; output, 
505; precision. 233; pro- 
duction, 449, 504 ff; satis- 
faction and interest, 504 ; 
test, 234; (See Fatigue). 

Royal Air Force Apprentices, 
accident prevention, 347. 

Rug making, 522. 

Safety campaigns, 331; con- 
tests, 331; movement, ac- 
complishments, 329 ff, 333; 
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development in 11; S.* ,328; 
limitations^ 3321; under- 
lying phUosopw, 332; 
asters, 331 (Sdl Accident 
Liability; Accident Frone- 
ness). 

Sales clerks, personality dis- 
orders, S91, 592,, 593, 

Salesmanship, reaeaifch, 46. 

Salesmen, 322; interests and 
ability, 139. 

Saliva, analysis, 460. 

Sampling, 200, 2l4ff. 

Satan Railway Company, 49, 
SO. 

Schizothymic personality, 136. 

Scholarship, relation to busi- 
ness success, 185. 

Sckrifien zur Psyckologie den 
Berufseignung und des Wirt- 
schaftslebens, 51, 

Scientific Management, 9-18; 
advantages to worker, 13; 
basic assumptions of, 10; 
conditions of work, 15; 
contribution, 497 ff; cost 
system, 15; criticism of 
techniques, 434 ff; differen- 
tial rate, 15; efficiency im- 
provement, 1 2 ; exception 
principle, 1 5 ; financial 
incentives, 12; functional 
foremanship, 15; funda- 
mental practices, 10; good- 
will relationship, 564; and 
Industrial psychology, 17 ff, 
465; instruction, 15, 394; 
investigation motives, 16; 
mnemonic systems, 1 5 ; 
planning room, 15; plant 
or|;anization and control, 12 ; 
principles of, 9; routing 
system, 15; selection of 
workers, 12; skill, 16; social 
implications of, 16; task 
and bonus, 15; time saving 
implements, 15; time study, 
15; tool standardization, 15; 
training, 12, 15, 394. 

Scott Company, 48. 

Scovill Manufacturing Com- 
pany, 44, 275, 276. 

Secretaries, 123. 

Selection of workers, 169-99, 
200-59, 260-87, 288-306. 

307-22; of semi-skilled 
workers, 260-87. 

Selling, psychology of, 6. 

Serial Discrimeter, 233. 

Series Completion Test, 263. 

Settlement, 469; daily work 
curve, 447; weekly produc- 
tion curve, 448 (See Fatigue, 
Production Curve, Work 
Curve). 

Sex differences, accident prone- 
ness, 389; motor vehicle 
operation, 390. 

Shell inspectors, 273 ff. 

Ship officers, selection of, 42. 

Sboemaking, tests in. 285. 

Shop committee, 625. 
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Shorthand tests, 313. 
Shovelers, 12. 

Siamese Twins, 93. 

Siblings, individual differences, 
96; mental resemblances, 90, 
92, 96; physical resem- 

blance, 90; resemblances in 
criminality, 93; resemblance 
in deception, 91. 

Siemens-Schuckert Works, 2 >9, 
282. 

Silk weaving, illumination, 486. 

Similarities Test, 310. 

Simultaneous combination, in 
learning, 413. 

Simultaneous division, in learn- 
ing, 413. 

Simo-chart, 158, 161. 

Simo-skill-chart, 161. 

Simple arithmetic calculations 
test, 309. 

Skill, 217, 393; acquisition, 
397 ff; (habits of deliber- 
ateness, 431; loss, 469; most 
effective movements, 433 ff; 
part vs. whole method, 408; 
practice, 433 ; stages in, 
414; training interference, 
427; transfer, 426, 427); 
and employee attitude, 579; 
factors, 161; index, 162 ff; 
nature, 40, 120, 160ff, 431; 
work curve, 449; {See 
Learning, Training, Prac- 
tice). 

Skilled workers, selection, 260, 
285; selection, 278 ff. 

Sleep, and individual perform- 
ance, 476; output, 473. 

Sling-psychrometer, 497. 

Snellen Chart, 489. 

Soap wrapping, 539. 

Social policies, laissez-faire, 
20 ff, 25; non interference, 
20 ff; program for social 
betterment, 21 ff. 

Social status, and children’s 
intelligence, 94 ff. 

Social welfare, 19. 

Soldiering, and supervision, 
613 (See Output, Restric- 
tion). 

Sorting, balls, 528; mail, 
484 ff; tests, 315, 318. 

Sorting clerks, tests, 315. 

Soviet Tecknopsyckologists, 
{Association),^ S3. 

Spatial perception test, 279 ff. 

Special abilities, measurement 
of, 225 ff. 

Specialization, and fatigue, 
439; of labor, 23. 

Specific factors, in intelligence, 
130 ff; in mechanical ability, 
231 ff; in motor skill, 231 ff. 

Spectacles, improved produc- 
tion, 490 ff. 

Speed quotient, 430 ff. 

Speed tests, 235, 387; cor- 
relation with dexterity tests, 
235 ff. 

Speed of work, fatigue, 504 ff ; 


moving belt, 505: physio- 
logical cost, 505 (See 
Fatigue, Learning, Train- 
ing). 

Spelling test, 310, 313. 

Spoiled work, cost of, 115; 
criterion vocational success, 
206. 

Spurt, daily work curve, 447; 
end spurt, 448 ; initial spurt, 
448 ; monotony, 448 ; 
physiological fatigue, 448 ; 
weekly production curve, 
448 (See Fatigue). 

Standard methods of work, 
principles, 435 ff. 

Stanford Binet, 102. 

Stanford Motor Skills Unit, 
233. 

Stanford University, 95 ff. 

State laws, physical character- 
istic of drivers, 389. 

Station employees, 306. 

Statistics, 70 ff; biassed distri- 
bution, 336 ff; bi-modal 
distribution, 69; calibration. 
253 ff; cautions, in use, 251, 
255, 256 ff; central tend- 
ency, 31; correlation coeffi- 
cient, 87 ff, 252 ff; coeffi- 
cient of variation, 72, 74; 
forecasting efficiency, 252 ff; 
frequency polygon, 71; 
Gaussian Curve, 30; mean 
variation, 72 ff; normal 
distribution curve, 67 ff; 
normal law of error, 29 ff; 
probable error, 72 ff; relia- 
bility coefficient, 255; rote 
learning equation, 420; semi- 
interquartile range, 72 ff; 
simple chance distribution, 
336, '342; skewness, 69, 72, 
74; standard deviation, 
72 ff; unequal liabilities 
distribution, 336; validity 
249 ff; variability, 70, 71 ff. 

Statistical studies family re- 
semblance, 87 ff. 

Statistical viewpoint, 256 ff. 

Steadiness tests, 234, 298 ff, 
424, 461. 

Steel ball inspection, eye strain 
relief, 492. 

Stenographers, 123, 217, 

311 ff; Army test, 312; 
tests, 221, 311. 

Stenquist Mechanical Aptitude 
Picture Tests, I and II, 
236. 

Stenquist Mechanical Assem- 
bly Test. 232, 275. 

Stereocyclegraph, 157. 

Street car operation, factors 
involved, 289 ff; tests, 288- 
300. 

Strikes, inferiority compensa- 
tion, 566; prevalance of, 
565. 

Substation operators, 145, 247, 
260 ff; job analysis, 262 ff; 
make-up of test series. 



263; specifications for, 261; 
tests for selection, 262. 

Substation assistant operators, 
268 fi. 

Supervision, 612 ff; as atti- 
tudes factor, 572; giving 
orders, 614; and group, 619; 
importance of quality, 613; 
relation to worker, 473 ff; 
workers attitude, 476, 572. 

Supervisory jobs, tests, 316. 

Sweet covering, accident pre- 
vention, 347. 

Sweet packing, accident pre- 
vention, 347. 

Switching Control Test, 264. 

Talking, output, 539, 555 ff; 
monotony, 555 ff. 

Talking film, in motorman 
selection, 301. 

Tapping, accuracy, 461; prac- 
tice effect, 102 ff; rate, 461; 
relation to typing, 159; 
speed, 102; tests, 234, 238, 
240. 

Tapping key, 233. 

Taxicab industry, accident 
costs, 371. 

Taxi drivers, accident prone- 
ness, 372 ff; factors in 
earnings, 598; predicting 
earnings, 182, selection, 
302, 306; traditional selec- 
tion standards, 183. 

Taylorism, 54; criticism, 434, 
436. 

Technical Comprehension Test, 
279 ff; sample, 281. 

Technical Intelligence, test, 
299. 

Tecknopsychology and Psycho- 
physiology of Labor, (jour- 
nal), 53. 

Telegraphists’ cramp, 593-95. 

Telegraphy — selection, 45; 
learning, 397 ff. 

Telephone operators, 42, 165, 
322. 

Temperament, classification on 
basis of physical build, 136; 
confusion in terminology, 
134; fluctuation, 245; and 
occupation, 136; tests of 
instability, 347 ; vocational 
fitness, 133, 13 5; (See 

Emotional disturbance, 
Emotional maladjustment). 

Temperament Tests, in indus- 
trial research, 244, 320, 347; 
re-education, 245; selection, 
245 (See Personality Tests). 

Temperament Traits, observa- 
tion in performance tests, 
247 ff. 

Temperature, accidents, 366 ff; 
optimum, 497; relation to 
work, 497; sickness, 496 
(See Ventilation). 

Tests, 29; in accident preven- 
tion, 296, 387 ff; accom- 
plishments, 267 ff, 283 ff. 
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294 ff. 299 ff, .309 ff. 347 ff; 
auditing clerks, 315; avia- 
tion, 43; civil service, 319; 
clinical viewpoint, 256 ff; 
comptometer operators, 315; 
duplication, 2 1 6 ff ; employ- 
ment applicants. 270; ex- 
amination quarters, 256; 
executives, 316; Hollerith 
machine operators, 315; 
hydrophone operators, 43 ; 
labor turnover. 285, 295 ff; 
manufacturing industry, 
260 ff; nrotor vehicle opera- 
tion, 288 ff; office occupa- 
tions, 307 ff; policemen, 
319 ff; posting clerks, 315; 
production time, 283 ff; 
public service, 2 1 7 ff ; rail- 
road industry, 306; range 
finding. 43 ; semi-skilled 
workers, 260 ff; skilled 
workers, 260 ff; sorting 
clerks, 315; stenographers, 
45, 311, 313 ff; submarine 
“listeners-in,” 43 ; super- 
visory jobs, 316; telegra- 
phers, 45; telephone oper- 
ators, 45, transportation in- 
dustry, 288 ff; typists, 45, 
221, 311, 313 ff. 

Test development and adminis- 
tration, calibration, 253 ff; 
criteria, 204, 206, 251 ff; 
job analysis, 204; justifica- 
tion for development, 202; 
norms 253 ff; reliability, 
216, 255; selecting experi- 
mental group, 215; selec- 
tion and construction of 
tests. 200 ff; statistical 
viewpoint. 256 ff; valida- 
tion, 249 ff. 

Test performance, significance 
of objective score, 257; 
qualitative analysis, 256 ff. 

Test profile, 79, 270. 

Test types, analogous, 226, 
228 ff; analytic, 225 ff; 
language vs. non-language, 
216; oral vs. written, 216; 
paper and pencil vs. appa- 
ratus, 216; self administer- 
ing vs. r^uiring examiner, 
216; self recording vs, non- 
self recording, 216; si^ed 
vs. power, 216; time limit 
vs. work limit, 216; work 
sample, 230. 

Therblig-skill-averages, 158, 
161, 163, 434, 579. 

Thorndike Addition Test, 404. 

Thread cutting, 479. 

Thurstone Clerical Test, 309. 

Thurstone Neurotic Inven- 
tory, 245. 

Tile Pressers, illumination, 
485. 

Time estimation, 529 ff; at- 
tention, 535; complexity of 
work, 530, 532; factors, 
529; monotony, 528 ff; 


m 

tnonotony criterion, 534; 
occupational groups, 532 ; 
susceptibility to monotony, 
534 ff; variability, 534. 

Time and motion study, 157; 
basis for psychological 
technique, 1 59 ; critique, 
434 ff; job analysis, 156 ff; 
psychological principles, 
436 ff; in selection. 158. 

Tobacco weighing. 522. 550. 

Tonal memory, 100. 

Tool makers, 125, 273. 276 ff. 

Total situation, in job adjust- 
ment, 599. 

Total test score, 264. 270, 271. 

Tracing test, 239. 

Trade tests, 217, 220; Army, 
44; bricklayer, 220 ff; driv- 
ing skill, 221; lathe hand, 
219; oral, 217ff; perform- 
ance, 218 ff; performance 
speed test, 220; perform- 
ance product test, 219 ff; 
pictorial, 218 ff; stenogra- 
phy, 311; truck drivers, 
221; typing, 221, 311 ff; 
written group test, sample, 
220 ff. 

Training, 393 ff, 408 ff; accu- 
racy, 429; centralization, 
394; correct movements, 
429 ff; control individual 
progress, 419 ff; cost, 116; 
decentralization, 394; gen- 
eral, 394; gestalt of move- 
ment, 430 ff; heterogeneity, 
104, 106 ff; importance of, 
109, 393 ff; individual dif- 
ferences, 100; job, 394; 
operating departments, 395; 
and operating errors, 261; 
optional arrangement, 419; 
part vs. whole-method, 
411 ff; part-method, crane 
operation, 410; part-method 
in metal trade, 408 ff; 
physiological limit, 399; 
psychological methods, 395; 
railroad employees, 411; 
and relative standing, 104 ff; 
size of units, 401 ; speed and 
accuracy, 428 ff, 432; speed 
and precision, 430; super- 
visors, 572; whole-method, 
apprentice machinist, 410; 
whole-method. motor men, 

410 (See Learning, Prac- 
tice, Transfer of Training). 

Training period, optimal 
length, 417ff; original pro- 
duction, 418 ; reduction, 393, 
410. 

Training progress, prediction 
from practice curve, 419-22. 

Trait differences, distribuHcm, 
74 ff; intelligence tests, 
76 ff; interrelation, 75 ff; 
manual dexterity, 77; me- 
chanical ability, 77; motor 
ability, 77; normal curve, 
78; psychological tests, 78; 
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school perforinail6ri 77; axid 
vocaiionat adjunient, 75, 
82; vocational tents, 77, 78, 
Transfer of £mplo$bes, 113 If, 
168, 

Transfer of Training, 423;j.ban 
bearing sorting, 415 If; early 
view, 423; industrial situ- 
ation, 423 ff; interference, 
427 (See Trainibg)- 
Transport TecMmp^chalogical 
institute, 52. 

Transportation Inclbistry, acci- 
dents, 360 ff. 

Tremometer, 238. 

Tremor, test, 347. , 

Truck driver, trade test, 220. 
Twins, mental resemblances, 
92-93. 


T3 T>c Setting, 449, 

Typewriter keyboard, SOI ff. 
Typing, tests, 311; practice in, 
239; proficiency examina- 
tion, 69; psycho-physiologi- 


cal traits, 40. 


Typists, 45, 
313 If. 


217, 221, 311, 


Uniformity in work, vs. va- 
riety, S13, S4Sff, 548 ff, 
558 (See Monotony). 

Unique traits, theory of, 133; 
clerical ability. 308; me- 
chanical ability, 236 ff. 

Unit character, 87. 

Universal test battery, 155. 

University of Chicago, 44, 95, 
98. 

University of Minnesota, 132, 
206, 308. 

University of Pennsylvania, 
31, 35. 608. 

University of Pittsburgh, 46. 

University of Texas, 233. 

University of Wisconsin, 90. 

Unnecessary movements, fa- 
tigue, 433 ff, 460, 503. 

U. S. Bureau of Mines, 351. 

U. S. Public Health Service, 
359, 361. 

U. 5. Steel Corporation, 330. 


Variability, causes. 108; distri- 
bution, 65 ff; range, 62 ft; 
statistical measures and de- 
scriptive terms, 70 ff; trait 
difference. 74 ff ; (See Indi- 
vidual Differences). 

Vascular skin reaction. 461, 
473, 475, 476. 

Ventilation, human efficiency, 
493 0; atmosphere (convec- 
tion, 493; evaporation. 493; 
fatigue, 492 ff; human 
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efficiency, 492 ; nature of 
work, 497; output, . 494 ff; 
radiation, 493 ; sickness, 
496); temperature (acci- 
dents, 366 ff; sickness, 496; 
optimum, 497; relation to 
work, 497). 

Vestibule school, 394 ff. 

Vibration, 510. 

Vision, acuity fluctuations, 
486; acuity and illumina- 
tion, 485 ff. 489 ff ; defects 
and accidents. 388; meas- 
urement of, 388; test, 298, 
490 (See Illumination). 

Vital capacity, 234. 

Viteles Motorman Selection 
Test, 229, 257, 292, 296; 

Vitosophy, 196. 

Vocational aptitude, judged 
from photographs, 186. 

Vocational guidance, interview. 
175, 176. 

Vocational Interest Blank, 
sample, 250. 

Vocational maladjustment, 
emotional maladjustment, 
586 ff. 

Vocational re-adjustment, case 
studies, 596, 602, 605, 607; 
importance case studies, 
610 ff. 

Vocational selection, economic 
factors, 114; Importance to 
worker, 113 ff; newer tech- 
niques, 119; scientific 
methods, 118; significance, 
113 ff: traditional methods, 
118 (^See Selection). 

Vocational success, criteria, 
204 ff; (See Rating Scale). 

Wage payment, differential 
system, 15, 561; Emerson 
efficiency bonus, 478; group 
piece rate, 473; as incentive, 
561 ff; and job classification, 
165; Merrick Multiple 
Piece Rate, 561; and mo- 
notony, 555; piece work, 12; 
piece and bonus, 561; 
premium work, 11 ff; sched- 
ules, 165; task and bonus, 
15, 561. 

Warming-up, and work period. 
468. 

Waste produce, physiological, 
450 ff. 

Weak Sister Committee, 599, 
602, 611. 

Weavers, output, 468. 

Webers Law, 457. 

Weight discrimination, 234. 

Western Electric Company, 
170, 472 ff, 572 ff. 


Wet bulb temperature, 494, 
496. 

Whipple Steadiness test, 240. 

White Factory, 516. , 

Whitley Committee, 626. 

Whole-method; (See Learning; 
Training). 

Whole-part test, 315. 

Wiggly Block, 278. 

Wire bending test, 282. 

Wisconsin Bureau of Labor, 
356. 

Wisconsin Miniature Test, 
228 ff. 

Women drivers, vs. men driv- 
ers, accidents. 389 ff. 

Woodworth Personal Data 
Sheet, 601. 

Woodworth-Wells Hard Direc- 
tions Test, 309. 

Woodworth-Wells Psychoneu- 
rotic Inventory, 545. 

Wool weaving, illumination, 
487. 

Work curve, factors determin- 
ing, 447; fatigue measure- 
ment, 463 ; individual dif- 
ferences, 445; and mental 
states, 445 ; psychological 
analysis, 464 ; regularity 
significance of, 445; rest 
pauses, 479; types, 444 ff, 
448 ff (See Production 
Curve, Fatigue, Monotony). 

Work, methods, 52; subdi- 
vision of, 393. 

Work sample, 238, 240, 244, 
279; nature, 230; observa- 
tion of entire personality, 
230; and practice curve, 
230; measure of train- 
abiUty, 230; tests, selection 
vehicle operators, 300. 

Working methods, unnecessary 
movements, 433 ff, 460, 
498. 503. 

Working period, 465 ff; adap- 
tation to, 466; optimal 
length, 469 ff. 

Working week, optimal length, 
470. 

Works council, 625. 

Wrapping soap, 522. 


Yardmen, 306. 

Yellow Cab Company, 182, 
302, 304, 389. 598, 600. 
Youngstown Sheet and Tube 
Company, 351. 


Zeiss Ikon Organization, 285. 
Zeitschrift fiir angewandte 
Psychologic, 51- 




